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Aerospace Events of 1977 / BV
The United States in 1977 conducted the successful approach and'l'z{ndipg/:t-esfs of the ,SPZ{EC Shuttle

: Orbiter, neared completiop ‘of the Shuttle facilities at the Kennedy. Spice Centey, made operational use
of data from the network of 'envir;onmen‘tul'satcllitesA and. continued work “to “infprove mil/it’;u'y'gviatiqn,

.. . + .
. . - . . ! a

0n*October’ 12, 1977,. Enterprise, the Spice Shuttle’s Orbiter No. 1 (above)
,scparnle'd‘ from its 747 carrier-aircraft and began its 5-minute glide t6 i
rfirst landing on a concrete runway/ This 'wn§ the last of five approach )4
-landing. flights conducted in 1977 t,NASA's Dryden Flight Researche#énter
at Edwards, Californja. The'livy’ flights confirmed the Orbiter's ability to
-descend through the; ‘atmosphére ‘and make an airplane-like landing, In
preparation for thié orbital flight tests scheduled. for 1979, the Shutth fa.
v cilitits at Kennedy Space, Centér .in  Florida neared cdinpletion. These Octo-

ber photos show (below, leff) Launch ‘Complex 39" being reworked from
y -its Apollo] launch configurafion’ 46 its Shuttle configuration. and (below,
¢ vight) “the Orbiter landing, facility -(at ‘top) and tow road lgading .to the -
' " pair of réctahgular buildir gs'where Orbiters will be refurbished after flight.

- . . 3
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In 1977, the Department of Defense con- .
ducted -flight tests of the Navy's Tomahawk =~ . \ ¢
cruise missile (right) and deployed increas- . A
* ing numbers of the new F-16 fighter aircraft .
(below) to the fleet’s aircraft carriers. - .
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. Introduction. .
programs in aeron.autic- -« space .
s in 1977 toward :eir long-
. S . .cronautics the goai wre im-
wedl " energy cfficiency, .- safety
oA 1 Space the goals wer  better
Wi en wstems to, generate mor sophis- .
dizio. e cbout the Earth's envir )yment;
’ e @ raiie space transportatica) and
, Trerst ~ the origing and “processes the
S aqda, ¢ system, and the Universc '
Le107, research made real gain:”toward
" omologies that would* enabl = fututre .
por- . it to reduce fuel consumyj. ion by
o atalong’ with Jower noisc and emis-
YN ¥ < ' """
RS States attempted 26 launckes into
Spoce 24 o: than put 29 satelliies into,
Mt AN rbited 15 satellites, il} 14 launchesy 2
unenes fu 1oand - third placed a satellite into
. lipte.” =+ 1 of sv ichronous orbit. DoD rbited
szt . . .n 10 launches, with _ another 2

2

Ope~atr A Spe

R T ~sational Télecommunications
Sate it o U ] incxeasedwy .its
‘merhe iy, © ingrjes i bri ging ‘the’
tot. o 'h > . aug-
mer:ec G un. e 726, 197 7, of Zan[hC‘l
Intewsa tel. ‘nto ) chronous orbit to
ser~ - A i f

Aoarta a satellite I\HRISAT) con-
sort im ¢ Cdee vice > the Indian

» Ocean it -~ dd: g o its servi§e if the Atlantic
cand Pac + -co wmercial shippiic and in all
three occ s for, ¢ riumber _of

Am'pled -t

3

aces for JoD by NASA. Of the NASA total, -

y 4 aer .~ aSA launches; ¢osts of launching the /

mainder were reimbursed by governmental; in-
rrnan(;nd awi commercial customers. The NASA
aunches mdrdcd a_ high-energy astronomyv satel-
‘€, two p.ane’ uysatell'ltes heading toward ]uptter,
nd a ~adiat - countmg satel]ne focused on the

1mgnc[‘<phu . .

Y This chapter will summarize highlights of the’
eat, arranged topically rather than. by agency.
tibsequent chapters w:ll)be devoted to the aero-
-autics :md space : 'lctlvmes of the six Federal '1gcn-
ies wit" the largest programs” in those meas,“ as
ietermir-d b) their budgets v

[

g

. ' 'Communications A

Communications satellites were the first spacg >
wstems t. demofjstrate commercial feasibility-an

are sti rgest and fastest growing segmemvof
szace devel ent. o , T
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U.SS. shr equipyp J T terminals

Stant ¢ cnesot Wi
plovme. quch me-e costeffective and speeds de;_
liverv <. _oods. .
Mo ,_V. Com» . nic:Mons The three
maje  operating -cq::irements nili‘ta'ly com-
mur  :tion by ate’ ite are (1) ngxhzcapacny
wor. «~ide p\ut te-noint. communication, (2) mod-
crate-capacity sevice to mobile users, and (3)
command and Intro; cbmmumcanon for strategic
forces " N
Fo- -hetfirst o- these needs, in 1977 the Defense
Corr  nications Satéflite Program (DSCS)/had
four  -crational spacecmft two DSCS. sg}elhtes

Taun - in ‘May 1977 and- deployed” over the At-

lant:  d west Pac:ﬁc, a DSCS expenmcntal satel-
lite ! ‘chad"'m December 1973 and riow- over ghe
Indi: ycean, and NATO IIIB on loan for tem-

porar e over the eastern Pacific. FQur morc

'DSC‘ satellites -were scheduled for’ launch in
1978 devel hent continued of the improved
DSCS 1! modeqc :

The muderate-capyicity 1Eqmremem will be met
by the ¢ -et Satelite Communications, Service
(FL.TS: T« OM) .for contacting mobile units of

- the Nav- An\Force "The first satellite is schett~

uled for - anch early in 19%78.

.The « :Legic command ,and control system is_

now pro- .ed by tmnsponders on several satellites,

“pending  -velopment.of a-strategic satellite system.

.

N\
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) %vrn/' ‘14 Commerc. 1l llites\, At the »hq‘!ﬁ
rmg oo 976, three dore communications sate

" Irte svstems weére alre: 1 operation igfthc +and
Y G¥ - gigahertz) L 1. This year the Federa

~ Com=enications Cor - ir~ion authorized Sat -+ u
Busi: o~ Svstems to d-++ 1) «nd flight-test sate.
operine a the19- . - Hz bands to pre-
_wide ad - switcHed nications for “pr
snetwe o rving lare: strial and govern- .
and image traft e

Cuse A have voiw

WJwe o woNns locate stother”premises. he
(> oo of Public o ing and thédp
-Bro ting Service 3 srized to’const .t
and ate 150 Eafth  .no  na a domestic |-
It ‘m to all pub!  -el anTstations i e
T . N

ampnunications - soud s

Neeimental Satell: we 2xperimerital com-
i..cions satellites _on .4l in use in 4 77,
VTS 6 (Applications 7 »cology Satellite 6)

o gan s third year'in oibi wirn program of 2

- . 7 . . . .
vx{:z:cnts in publicerv broaddasting and in
. RIS NP N .
& and technolog: . In ceon o 1ts US coy.
. .t is being usca o

smit experiv: oo

-amming. to thé 7 “itories, Pacizc s

T'he othe sateli e STS 1 (Con.muni-

chhnology sSatel 4 joint Canadian-

N iture cxploring.hig_“wwq space ‘tommuni-
to small-receivers k

By theNend of 19°

o on CTS 1 .were «
“=.. ... social services, A
(. “nmunications Stud:
“nire electroxzf.gnetic sp
nenued reséarch on me  +for more efficient usc.
-3 vell ag expansion of, 1 ‘ommunications spec-
tru.. A gumber of U.S aguncies participated in
the important 1977 ‘Wor.d: Administrative Radio
Cgnicrence on ‘Broadcast satcllites  (where .. flexi-
blé interim.plan was adopied for use of the 19-
GHz band for satellites in"th¢ Western Hémisphere
as opposed to rigid allotments elsewhere) . ‘Prepara-
were also under way for the 1979 World Ad-
ivq Radip Conference whose revisions of

of '18 U.S. explri-
‘ing in educational.
ormation- excha nge..
Yith démands on the
mm increasing, NASA

2045years. -~

The Wnited Nations Commijttee_on the Peaceful
Uses o "Outer’ Space;, and ifs sciéntific and legal
,’subcom'mitte’cs, met in 1977 fto continue discussions
of the principles invelved {in direct bhroadcast of
television by satellite. ~ _ )
B d . : . -~ g

o " 'Earth's Resources,

Scnsors on space afiet nirg'ﬂt-.:plat’forrﬁs‘/con_—
tinued in 12—77 to inveritory and feonitor condi-

ERIC
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“v ground in remote’

ilations are intended to apply for the next

.
uons in the. _arth's _mosphere and water . on

ity land st ¢ Thh lar vercemereasing
R :il:ll}:mh and pro’ " the enviromne
3
Infentorying and Mo
A [Landsal _Experimer. ¢ oex:ermmental  and-
sap prégra: continue oduc . dim fron el
ifes Land-at | and 2 noug : the perfor _ance

Va

by soveral sy‘slgm/ fati Land-a-C nearec com-
plet:on. with l.'um('!n ;ch’g_-.n'l,\ i 197 Ll
y\ic—:l:ion of Landsat D . begun

After several years “perin cntation? un-

ber of I.:mds:lt_Rmi( ~ opt ational o rliy
s0. In the l)cp;xrlnu; nterior i
o a Landsat-based ces 1: tormuition m
- Assists the tril cernmert of the e
Indian reservatic n Tts det sion maki:
the requirement Limdaln a current -
tory.of all pubii. s andgheir vesouwr. s
become heavily adentYon lign,
virom Landsat anc . al wievey:

o automated invenevies ol igate o and
wetlands have bect me possible thi agh  .nd-
wat data supporte aertal infru «d p o tog-
raphy; " ‘ ’

e the Salt-Verde vive  +~tem in Arizona  man-

Landsa: I, after fis S oo bt was de_raded

aged by a cooperat ¢ project using 1 ndsat.
NOAA. and GOES sutellite imagerv inc aerial
;surveys to map snow cqver -and mon:cor six
reservoirs; : -

o classification und monttoring of mmir  activ-’
ities 'in such diverse :reas as Mor-an:  vom-
ing, New Mexico. Fl-rida. and Souzh C.  lina;

> » study of Landsat and aerial imagery for  near

‘features that mav relate to fault and' i ture
systems, which would\help evaluate mine
safety and locate and thonitor leakage in sur-
face and underground miries. teot
Internationally the Depagtinegt. of Interior as-

sisted the United Nations, five,Central Amecrican
. “ . . ¥ .
»countries, and Chile and Bolivia in using Eandsat

ased .

data to inform themselves on resources and geolog- -

ical problems. _-
\Thc-DcpaIrtmem of Agriculture completed the

third year of its LACIE program, in conjunction

with NOAA and NASA. Designed to pest satellite .

.potential for prediction of world wheat crops, the
program demonstrated enough promise to encour-
age the Department to acquire its own computers
for further :cx‘!)erimenmtion_.\ LACIE is scheduled
for completioti and fina! =valuation in 1978,
NASA relegsed three applications projects to ‘the
users for-operational employment: the Coast {:uard
woyld use satellite-derived data to m_oniqlor ice

-

/ :

-
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. formation in th;/érc.;. Lakes; xhe (,orps of En- y  Jsing .mpémc and g .ne-based measurements,
v g,meerswould/ﬁse Lardsat ,Ell.n to. predict water LP\ u\penmcm in = Midwest %cd&‘l ‘for
- - run-off in flgod-pfonc areas; and’ Georgu(déc&lul . e -umg in ctacking selfur dioxide from a
' te use the salellue based 1nvcmory1ng-s s 7+ ze -weriplant olume. obsepving the conversion
., 7 thé state’s Q4 X e e ~mosphere nto, -~ znificint amounts of acid
in Missi pp1 calkatc  erosol, and gack 1 the chemicals ag far
Monitdxing the Sca \late..Sever_,ll agencite ,con- - _ 3 xllometers Bownwiped. OF great gomcqucmc
. ted experiments that used satellite dath to tooE Ay strategy, oY cofitrol of air ‘pollution, thic
mwe the dynamic state of Earth’s oceanss NASA : > were obtained by close 8rchestration of air-
/ -, used_data from Geos 3 in 1977 to refinc mgdels of 4. - and ground Bast 1 ‘measurenients:, Since coal,\
the Earth's gravity ‘field, which in turn, 'ields' i f - sowerdplants are e erred to llllllllpl)’ rapidly
’ more precise geoid. This.is lielpfu] in lmckmg cih o~ e USS. guer th .t 20 years, this tech-”
culation features such #s-the GulfStream and t. : will be dfgines av importance in deter-
- megsure the height of waves. \ - s g e distantgon o ‘tribution to local and
The Bepartment of the Interior compllcd satel- Srgiond Ln pollu ion. e :
B lite infrared measarements “of momhly sca-surface T QG Qqs]ng an }‘101 I nd of energy- rdﬂged\lrol
, temperatures f he past several years. Thev weré Nl roblem, EPAand NASA f\plmed the use :
' consxdered useful in long-range weath=r forc—caslmg “ ¢ n _irborne multi-< ectral scanner ~o monitor
and studies of climate dynamics. In 1ne process of s 3cle117c the ¢ vironmental 1mp,lc[q of thc .

, 'compllmg the d'fld, Interior discovered that a large . en majoi increasc in western strip mmmg in
s cold-water’ anomal). had develgped in he North ooy few yeass. By ad: plmg ‘the scanncx to this »
. Pacific in the fall of 197% and, reached its veak in  ox. in place of usug . aerial plioto phy, and
g February 1977. In Iate -ummer 1977 another such. ,ccdi‘;;g its data into an automated lagdfuse.data

anom{lly secmed to be, developinig.  ° LowIf ition svstemn, o single mission can’cover.a '

 The Department bf Defefise 'finished msl.nHmb ,“& of min¢s anc ae tlata ean be rapidly in- .
t the Satellite’ Data Ptocessing’ Genter at the Navy's ROInL “k stored, . anc r‘e'laycd o %.nnd state
. Fleet \umcnca‘i\'Wcathcl Center in Montgrey,  yep: Lory officcs. - LT . _ o

: Cacifornia. It will receive and proccss data” from i ,‘ue'polluuon -SA 1esponded te* request
" D¢D weather satellites and also from NASA’ Seq- fro:  NOAA {or satelite and aircraft data on the |
sat-At scheduled for lainch in May 1978. TIf proc il .21 from the Arg  Mekhant off N.mll;kcl §
. .essed data will be used in \ve"uhcr d ocean ‘mal\- lanc 'n December 1t 75. Asidé from their* 1mme- .
‘ses and forecasts Ain aperational jus -he data are being stud?éd
Several other pro,ecfs were opfeml’ng in. f‘)tj to YA to i “ematical models ‘pre- * -
set baselifies -for inter) i@tion’ nfﬁ@emalA data Lspitt e
»  NASA joinedvith (or“am wr” T Seasa€ data ' - '

. in a two-year de:nonsudtion prog i, embracing | v T T
\lre‘fi such’ as oftshere,oi] and gas explogation,{fisli/  Enei- mzental is and Prio_tgcti ”n '_ Coa,
eries, and-shipping Safaty. NOAA planned some - £ ’ g Tecti "md Latas -

*. 85 experiments related to Seasat—cxperiments ins L Ttion to “c c*orts in collectign : ‘ :

' logm ot data .|boul the Earth and its atmosphere, -

\olhng winds and waves, currents and circulation -
namics surfacc temperatures, geodesy,, and sea <
\ .

ther: verc.substantial activities devoted to both
opera -onal and expérimental programs to ahalyze
‘md p:edlcl &hc processes of natural and man- -made
change in the enviromment. :

the Occan Bottom. NASA has usedu.l
' scanning lager beam on an. wjrcraft to experiment /;
- with mappjng the topography of the ocean bottom .’ eather S'm('llz[, Operations. During 1‘)77 lllc
-~ m oastal regi’ons The experi ent indicited that _ N@ua{ml Occanic and/: \tmosphenc Admmlsuauon
. thd’'method can produce highfquality balhymeu;{ (I\O\ \) _of the Dcp.ﬁlmenl ‘ofr‘r Commerce op- W8

maps quickly ahd economically. The Dcfcmq,\fap (1 two polar-orbiting weather fsatellites, Noaa *
ping Agency and NOAA re speciffying the require- “4 ind . to report -daily weather data around the
menys for an. operanonal svstem for use in aircraft. - F,;n-th Of - the gcost.mon,n) satellites that fecus
onztorm Pollution. 'n 1977, scnsors on air- . corsgantly on the weather patterns of North Anier-
, craft plalform% demonsu. ted their ability to track * ica ang its sea appnoachcs the Goces 2 (Geoslallon--
and monitor an Impressne array of pollution prob- . ary pemuonal En\'lronmcmal Satellite) was
lems.»The emphasis in the, coopJ)auve programr  lpuinched in June 1977 “to rcpﬁcc Goes 1 ‘as the -
7/ ' between* #he Env1rj1me'1[ll Protection Agency——<astern- operational satcllite, while SMS 2 (Syn-
(EPA) and“NASA has cofitinued to be gn energw  ~chronous Metcor logical . Satellito) 1cmmncd Lhc
_related rescarch and development. western operauon§l satellite. R ‘ N
s e .. . E R - »
e S, . L .3
° o .‘ , B ‘ ’ . . - ) ) ’ 0" v ' T . . \ ¢
— -~ v . - . . . L . L . .

Q
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: Tjr N = LS8A 'L‘x]_)crixncxllznt versioni of the

* next g¢r 71 of, polar-rbiting weather saiellites.

" Twas o ng on' schedule toward its Faunch

d;'lte R I “8; Noaa-y, the ';irs_" operational

model . w oseries, Is scheduled for launch

. v late in - vos-N will provide higher resolu-

. tion ‘vi- infrared imagery of tlie Farth's

. «&loud « measure moisture and temperi-

' ture, “anc _lor proton._ay dectron flux near’
“the*Ea- " ' L .

v Ther - .mc_gcoro‘logfc:ll SAE stemr (De-

‘fense N zoi ogical Satellite Progriwy) rontinyed

. 0 supp. muitary opérations,, with -weidther data
for the entire Ii:n‘t&, provided four tinles a day?
from tv » solurorbiting satellites. “The fifst of the

" new ge. «-ation of mpilitary {veather. s; t{c”i[cs—d’ﬂ(?.
" Blogk .. p.a':l_llclvto\’l’irqs-."\} but, with different
S€nsors-  ccune opera io'ng.ll‘ in 1977 -and ‘oflered
-noon anc: midnight imagery in visaal and ‘infrared’
wavclenzriis of cloud, cover at a quality previously:
unatta:=ible, The second satellite in this sericg was

also lzm—:chmll in 1977 and declayed operational in -

July. . ,
: "\W(n_ Research. In 71977, I’cdcﬁh{ ,gencies
contin. rescarch to improve our ~ability to -

nalyze .ind forecast. weather conditions.

‘In the qlnb;rl-';u*cn};l.‘ tilé,‘U.S.,ﬁunb.nf_,;othcr na--
ions,'per:m‘mcgl- prclimif{)’:n'y studies and experi-’
Rents that would contribute to the ceffectibeness of
the u;%vmir'vy Global 'Au!losphcri( Rc‘sc:n'(‘h/‘l’rd

g i« “Involving”some 115 nati.ns,. this
L. -wonal prograjn in® metcorology will
take m 1978-1979. s 7 7 - l;’

4 TS 1mprove our ability to detect, track, and

“‘ - monitor severe stems, I\\S\ and NOAA are -’

wor on - an advanced instrdment for nse

g

frufiient will be’ able to xeport the 3-dimen-
:lg(?n_w structure -of utmpsphcric‘tpnipch@;“c aned
water vapor distribution. Such ‘infermatiofl’ could
make” possible earlier "ahd more accurate Stgrine
iv;lrnings to the public. ==™ o
NOAA  field-tested  wechniques l&”ﬁg ‘in‘n;lgm:y
from infrared and visible satellite ingtgyments 1o+
~ estimate_hourly rainfall -from convedfve clouds. -
T~
* zdela® showed a-good correlation hetween hmagery
fid ground arcas of no precipitation and reason-
" ‘Afle estimates of rainfall in areas ‘of - heavy pre-
- cipimtionQ“hc technique will help in pinpointifig
arcas in danger of flash flooding. Satellite data-also
were -used in NOAA research on dévelopment s
-modification of convective cloud systems. Rainfall
——estimates derived from satellite imagery were ap-
plied to awalysis of broad-arca cumulus mwodfiea-
tion experiments. Similarly satellite data, as well
as aircraft and radar data, from-Hurricanc Anita

. N ! ;‘.’-
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y
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$ satbilites to be lawnched in the 1980s. '_T}D;

Tests-in three states iq this country andPin Vene-, .

St
» (September 1977)

. whether hurric;}w cloud systems show  charac-
teyistic cloud  dexelopmentss thai indicate  storm
strength gnd potential. &

b, Mimaospherie Research. Widespread concern arose

}r‘[‘c bcjng analyzed to leiirnd

carlier in the 1970s that some combimtion of mit-

stural -and . mim-made  gases  and Tparticles was
thregtening to thin the ozgpe layer to a datfigerois
lcvcé This concern led to a multi-agency -cffort 1o
gather' enough dita to understand the camplex in:
teractions going on in the stratosphicre and to as-
certain the danger”level and possible remedids,
NASA i 77 continned | its measureinents
“quantities and distribution of ozone and other im-
T portant stratospheric gases and of changes over
-time. .\ new project studied the \'&‘l‘li(“.’ll nove-
ment of crosols and gases between thé lower at-

0k,

(stratospherey, In the summer of 1977 N.-\S;\. Lis-

patched an expesiment team to Panama to employ
" U2 and lear Jet aireraft, as well as balloons and
sounding rockets, to mchasure Ul(%}l])“’:’ll‘(l'11)0\'6-
ment from troposphere to strptosphere in the wopi-
cal I()rllq.u‘lll' 1978 v is planned to {casure -the re-
:ﬂ:l'sc movement _downward from stratosplere 1o

_h‘opospl&'rc thatis lh()llg}‘l{l, o occur in the mid-

~

Letitudes: i .
T Lhe measurement progrim llle,.‘stratosl)hcr'c
wodv ! ncw insightd into the role ‘of (:hk{inc
oxtde compounds in the destruction of ozone. It
whas, shown in, 1977 that their ‘role is larger~than
previously thoughi” Yhe important gases have been
sddentified and 'measured and evidence has been ad-
duced, thart. the world's tot#t :uxmomhcrc mixes
‘mor¢ rapidly than had beep predicted. .
~"NOAA ilso mounted a com‘p‘rc}ﬁlsivcin.vcstig;l-

tion into the distribution of nitrgken dioxf mn
the stratosphere, using ground-based and airboffc

© mosphere (tropasphere) and the upper atmosphere _

‘ srpc(ttro.scop'gs: Flubrocarbots N1 and F-12 and .

Mnitrous+ oxide were nteasured swith balloon-grab
lcchn'iq[lcs. .I.nqur:lt.ofy test measurcraents consid-
erably lowered the.predictions of ozone destruction
by ‘emissions fréth supersonic airéraft ads corre-
J;)ongli,ngl‘y raised | predictions of (lcstl‘:}lion by
chlorofluorocarbons.” "
Two forms q‘fécﬁ\'irom‘lilcnl;ll «
ming from aircraft are” exhanst :
gine ngise. ‘NASA confinyed s severad-year - re-
scarch cffort in both arcas in'lf)77.‘l’.xpcrimcnls
awith the clean combustor, designed to lessen emis-

- sions, from 1¥rge turbine ; engines during .takeolf

and lnn}%ﬁg. were  cogplet®. Emissions were
avithin the standards sct b¢ the Envirommental
Protection Agency TMWC” below theslevel
of currgnt combustors. Rescarch was begun on
reducing enNssions during stitospheric cruise: This
T -~ - j .
” ’ - - . ‘g T
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resear¢h eenters ouMovmg (_Orflbubtdlb .md' on * o o~ Spac‘e Science . -. Tt
. fuel eparatio ; ’ . , B L eal O o -
- Aircrft noise rescarch 'mC‘“g’“Cd- Amogg “other - _ Space sfente i is nor m.llly lomldeud to l gin at |, °
. components, fuel shozzles.and acoustic -l‘>PLCgs of - un }:i‘ll\[(l(lc whc_lc Earth science leaves ofl—n .lmcl)
<" the inlet ducts. One nozzle configuration was the _at the interface betiveen the Eartlys magnetic field
. inverted- vtﬂocn)ﬂéroﬁlc nozzle, which’ causes -the”  and .the”Sun’s exNalatigns, the solar wind. Froni
. .* high velocity, ok the jet to occur 1 the outep gion -+ this departure pofnt, space fience nioves outward. -
. lnsteaq,of at the center as in bypass exiayst sys- tiueugh the solar system to the dctcgt.rl)lc pox.uon
s~In combination with multi elemcnt mechajy: | of the Universe. - S .

\lcz:il supj)ressofrs this d;lr:mgemcpt seems: llLely A0, . o . »-" - SN
reduce noise from the Migh-velocity jet.: < : Y e
vFor the engine }{llét dugcts, a nmz Jtechmque Was h'E“rfL S'm Sytudﬂ'\ @ ’ Tl ’ :

-/ de lop‘é(l thit SImI}‘rﬁcs and makes more accurate "'jﬂeus in the Eayth’s magnetospherg, the. sol.u
th descrlpuon of the gound radiation pattern from wind, apd activities on the Slm‘lc the Lomponents

<. ‘ict\an}l'é nabies qu&%lj‘fcctlv‘c désign of acousL, of this omplcx ficld* of smdles g '
ners. ¥ . ’ N ' . SEfechs néay - the Magnetos ere. A" new teclf

) Earth D}’"“"”C,S EXPCrlmcm -related to E1rt11 nique for measurement ‘of the mél.l(;uons of the*

- dynamics mU‘)lve mmcml and “ehergy reserves solar wind and the ;L.uths magnctosphcne bej‘lpw

éarthquake forecasts, and gcodeuc ;urveys . . possible With the laurad in October 1977 of two

Trial modeéls, of natural resoutces in mtcncstm&_ Inter national Surg Earth EN])IOFCIS The progr”l}n
. formatfons were, Dbeing developed from gmvnty data ¥ also m.uLe(l a 'new dimension in. i lnatlénal co- .
¢ “derived [from satellite-to-satellite tmckmg, magnetic  operatign; pnc sftellite Was, mai g’ed by the U.S,,
. ‘field data from the Orbiting Geophysnml Obs‘c?n.l- “the other by the European Space Agem;y, with ex-
. a tory, and other geophysical data. - pemncnts -of lntermmgled orlgm on botk satellites,
~In 5[:‘%.65 of the r@cent-bpdnscovercd tectonic [ Their data @il énable expeyimenters£o- u-ngu}sh v N

" plates, NASA’hag every otlier year for. the Jast- five spatial ‘plasmastruegufes* from the fomplex- tem-
years emplaced mobile laser ranging stations.on - poral effects of the solar wind. lmpactmg on. the
~both sides of the San Andreas ault/ By ranging on Earth’s m.lgneut"ﬁ'eld A’third ISEE .satellite_will
_satellites, the- lasers have tried, to delincate rElative” ~ belaunched in 1978 into “"\“Tend“l tm;e&ory

+ ' motion betwecn the North, Ameri an-Plate and the . where’it can, méasyre the so'l.u vind before it ar- . \N

Pacific Plate.\&;thc first timé, gnalysis indicated rives At tlie magykioshlfere, g@s well'as solar events.

L that, ;ovement™may have been detected. Another ', Later the three satel ite will B joined by the Solar’
. effory/in 1978 will try o verlfy these finding. M.lxmlumd\l ssion” ol radrilytgral stgdlcs of the -
Afother form of laser ranging uses the Moon ay ih-Sun intéractions. ; o
", get. Three wndely dispersed Earth f_t:mohs are (OAA ths used ‘GOES 5“9“ € nfé"lsmements
‘returning data now and another four stations jare Of 991‘" X- 'a)su takch at the tance ‘%SCOSY“"
. being built. The full network' will obg“cn.e polar ¢hronous orbft, to’ detect sofar ﬂares bef e ~their
motions and variations.in the Earth’s rotation rate, ,~X-ray’ and extreme-ulufviolet® rady ion FC”lCh the,
- with much greater accuracy tham™ any prevnous sys-- -ionosphere. One use Af these darta. will” 0@3’& X
. tém. .- S . tlem with . high', time- resohwmon theasnre{uents of” B
T quartmen‘t of Commercé opemted a series o UTE lonospherlc cffects. l" T
» of cross checks-on different systems' fo, determingng J@ther NGAA- résBRch” demo 5““th that cneys
vposmon on the Egrthowith the’ gréatest accuracy.  8¢TIC ions~{n the/ intelplanetafy medium outside
f .Compuiter snmulatnol\?‘ laser observations of the  the Earth’s ma f'osphere-prlgmated ftom within .-
—Lageos satellite pogitidned geodetic stauonsvwnhm 1e mdgnetowhelc Thus the E. ins th Spt
entlmctem A single” photoejectron, lé‘ser has = and [_L‘)pnc; -asa source, within our solar syqten of »
, beén studied that.would redyce costs,?nd jmprove ; ,the’ cnergetic P""'Cles and low-c rgy cosmic; fays- »
_ -7 accufacy of locating ranging stations. The prospects unid-it? the inter planetary ain - ——
. ' are that’ M]5ccnt—1meter accur‘rg could - b.c‘\ The Solar Wind. I>()AA stndie e\cmlynodels »
achieved. .7 - L ~*of the chemmical comﬁosmgn of ‘the ‘solar wind.
The ﬂmlthsonmn Institution $um arued ‘thelre Some ‘of the recent work addressed “the historical _
.~ " sults of satellite tracking ‘with mrgasel tratking  puzzle of-the large quiet period in Earth reactions
~ - .network in the fourth and ﬁnal version of the  -to the solar wind from.}645-1715 This .1l)nqrmztlly\)’~
’ ‘Smithsonian Standard Earth, ;rm"lthel Atical repre-  Jong quict pérfod; when therg Yas visible evidenge © -
+\ sentation of the: Edrths .shape, suc’ -and gravity =of absence ofrsohr “activity, was attribited 't ‘
ﬁel . . SRR ste"ld -state solar wind,, . . -
(k - ’ . : st o ~ y, - . _ .\_
b ¥ > v : P y - ! : - . .
¢ T g { ¢ 3 :
" RN - N '-L..”“\ \r'.' <
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ity heginning with the uj

~ Study of the Sun. NAS:\:S
s, Vatdry 8 (Oso 8) preserved ity/Continuity. of- ob= -
servation of the Sun'sby monitaring the

¢
*

Or

1

AN

»

N

l);gipg Sol%ﬁj)ser-‘

ngw activ-
¢ solar cycle.
he downflow

= were detected by Skylals; tiny

; ).s’:"ing of tl
JAspects previously under staly “are
tircilatioh patternst in thé solar

I atmosphate. that
magndétic regions™that

"~ brighten like solar flares shy ty- aftér they appear:

) and x-ray br_ighL'poim_s,‘ivhich have ; }‘Suzzlinguju.é"
appeararice at solar minimim<tivice tfrd rate
“» qbserved when discavered by Skylab in the middlc

oP'the solin cycle. : .
The “fiding’ of- tle x-ray observations takenr by

E _Sk'ylab‘s_hojvcd thaetholes in the Sun's corona are
sources*of*the high-speed streams of ¢jected magter,
that strike the Earth’s n1:tg'n'ctds[311é1'cl‘0nc' 6f\thc
major discoveries in seffly of the Sun' in Tecent

-

bl

LI ) «

N . ;
s e /
The Plyngts. The gliséovm:y of rings*around the
tplanct Uranus was the' most ‘dramatic’ discovery of
) 1977, Top faint,to he seen by the largest telescope, |
_the riigs were [Qun(l'by'tlmir.'flwing a gapr in the
- observation of an occultation of & mpderagely
-1 bright star and 1hqir'c:\'i,s_texli__m was_vertied by ob- .
. servatiens of scveril groml(l-bn_s'cd tclcscopesj,:md'
v the™0-ceitimercr delescopenddurrted - in, NASA's
- .s‘pC(':l'il”’}"; tqiipped C-HM4. aircraft knowu. as the
. Kuiper ;\l'rf)or!rc Observatqry., LM . ‘,‘Q,
- Op_ Mars, thie Viking orbiters and l\:mdcrs',*c?t'x-.
~>tinued to return data on- rhe aumosphere, meteorol- «” -
. ogy. surface chemistry, and.the moon Phobas. The
“.biology :m(_lﬂ_i'fl{u'c chemistry inspruments-on the” -
- landers completed “their useful life in 1977. Fhe
matjor question Mkmains whether there is- cv\i(lc'ncg -
~of life on Mars. Imhnsl;vc investigatiory c'ontjm.lc‘(l.-'

~ 2

4 »

~

-y -
- t

* - years, this knofvledgé Has been used b% National ' Two Voyager ..5“’“_7]“[6_5 were ]?‘““Ch_Cd in: August *
Scienge Fourtdadon obsérvatories to detect cdron:il :ui(!‘Scpr_m}lbcr Ot trajectory-to '._]“P‘tc':'\‘md LhC"f .
holeyf from Fiirth, in nopmal daily observagibns,“The o Satprn. _Dcl;b"‘l"‘m‘ 1'05'“%‘5' pragm‘; 2 may .
holeq are reliable predictors of magnetid stopms en’ iy on 1o thie planer s e T >,

;P Corollary rcs’c’nrchc'hns'shown that the fomn* LP?"“_]OI"“"“‘.v“'°'\!‘ on 't‘l}c Gilileo '"n's“o”if'-f“ .
of /thc Sin's corona is irre alar. Ifr/p:n't these ir- - » beglm_m‘ l()7-7.-'ll' will ¢8nsist a p.-ol)g that _‘.11.1. o
regularitids account for the.time differences imput . wddscend into” Jupiter's. atmospl ereind an orbiter « &

T ticlés arriving at Earth, 2 Lo ‘tHay, will stuidy tl}c%()l:mc . Its Jemyirenment: | afd- .

. b N T 2 A o scientae < Sittéllitgs for more“thana feirs . R TS
As part Qf-[h.g DOD{PLOg{m"' "‘\“-FQ“L' scientists & . \]du vational Science Youndhti used the 7’.%}()/‘/.V "~

- arestudying the theory of processes leading to s6ly;

,mc;tcrﬂi:unctcr ridio-radf

‘telescope yat o Arecikd, <

fares and the fime histor

y of high-energy particles

. Puqrto?‘,Ricd.

from solar flares, Pawticularly they ardN studying

-+, variations in‘,ultraviolz&
N o O -\

r8ported by Atmosphd

+ ~ang sounding rockets.

'

1F

icsExplorers T, D, anc
- "-‘).

B

—

-/

>

. :S‘t;ld_}'_ of tbe'/‘tlobzz and. I}Tfm‘et_s

-
«

- solar systpxyuz' tiny 4 'l;tt'inum'-bc;u:ing particles i
« mEeteorites may be intersteljar materials thatgxisted
* .before the solar system did; composition, df mag-
.nesium in metcorites " indicates' that
. . aluminum-2 was present wheh the rheteorifes were
formed; so radioactivity may have provided the

_heat for the wi spreads early' melting_ that ‘took
g
'pl)%g on the Mypon a‘nd_'plnr)éts.

2 . 3
. Studies. of the "R/Iqﬁn/pfbv’idetl new ‘models foi
. the major processes ;{ﬂ"é‘éting the terrestrial planets.
For instance, it n'éw-appe( s that 4 to 4.5-billion”
years ago the Moon had alstrong magnetic field:’

emjssions from thc..iun s

. . . . .
*The Moop--and Metcorites. St Tctgoritds )
continyegl-taﬁffer clues to the carly history of the |

‘radioactivg 7. -

to praducefcgntouy maps of the supr-agl,
- The higl -('yunlif;{,'(ﬁt'f.:‘t ]').Gaéfnit_‘l':rp_id‘_ 3 .
s18,” prgvidinginfermation
ni;tl'l)l’('t-

usian

;\fagé of Venus
-~ .
sicenmulationrand ana \
.critical ro.the uil(lci'st;m(lgng B8f the chemtca
) oot i P T 7
tural, .and top_t.)gmpl’hc :Qt.t‘mcs of .rhe, \c_n
.-

+ surface. ) . )
. - J . " \.‘\’.
Sfudtes ’of, tbelU}fwe;se o o
, SASA launclied o major astrohomy satellite if
August 1977, e High Energy Astronomy Satellite,
1 (HEAO'1). The Jargest aytomated satellite ever,
/, lauriehed, HEAO_ 1 1% the first of.the three schéd- 2
uIC(f tévbe, Liunched at intervals; of (I/YCIU' Instry-
eiited forstudy of x-rays, gamma rays, anck cosmj,c\
uys, these satellites are expected to returnyfinida-

v

-
-

- .
.
.

A

'
»

m‘e_n}?ﬂ data an the nature of some of the new dis- .

coyemes in the Unjverse, such as pulsars, quéars?"*

‘And possibly black “holes. During ‘the first mefith’ g .

HEXOQ 1 was operatipnal, a rire*aid transient’x-ray . {
a

novit was dbserved; iv"#hin idays it hecame .one”of
the brightest X-ray squfces,in the sky..

when the Moon ‘cooled, ey ficld gradually dig' =~ Work comtinued on the -development” of the . -
2 appeared. This relationsh; €ep heat and™mag-  ~ Space’ Telescope. Planned” as a_semipermancnr:
netism ' may. o'ffer be 7. uriderstanding of such _ space l:n‘bom‘tory; the Space _'I‘élc_stopc is;a high- -
planetar differences_as lEajr_th with.a strong mag;. ré'solution\instrum(c'nt that, bgginning in 12183, will *
netic: ficld, Mercury with a weak magnetic ficKl. - he able to observe objects much farther away from \
»and”Mars with much ancient, vpléanism. but no -* Egrth than can any ground-based telescope.- The .
magrictic field. 8 - . - ‘ ,\/ 3 EU opcan\ Space Agency ‘1vill'£§§)0i(ic.onc <\)f_tbc‘ R
: % co S -
6 1,. LN ' * Al e *» \’ ‘ \ i ' 1
o N . ® - . /‘/, . ’\/] [ . — ] "., -
e . Lo 12 ( ‘ C
v ) y (\ ,

Q
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e
periments.,

e Smithison
o~ term analysis of glita di i, th& Uhuru saeellite, pub-
,'A ,/hshlng )hc SLpwrth ®hur, "((11(1[()5, listing - 334
; sources of x-ray emissions—nearly twice [hc’ nunber

¥

}' the \hJL\ Wy .lssO(l.uuL\\nh ncut.mn stirs and

. bla'ck, holcs, nrany; L\u.ngnl.lctm objgcts were! Ry
- tified, such as Séyfort gali ¥XiCs, qu.ls.ns,-.md Cluste
of gll.\\lcs
lllncd, sothg 1000 gnh\los i o rglltncl) Oq.mp
greuping. Thesc’ suan!(luleH of glh\xc sllL

‘.

.l[)p.llCTlll\ bqund togethes {_ﬂ.l\ll.‘l‘(lon.l“ by vast)

_vﬂmoums-efs\cw hot, tenuojs. hiydrogen 'll'(,llllLl s

f suclq elusters are Lommon\[hroughoul space, the,

“mass of th pxulomlhundctu [ul*gls nught pm

[hcomm l”) nculcd?m close the: Um\cnc

’ N
» .
- N "

B

<

.

o 'Trangportatio.n

S N. . . .

-y ‘Somg ‘of the. science and much of the tuhnolo;,\

m 40|onmlucs and spage are devoted to devising

new’ tr: msportation’ systems. or un[nonng the, cthi-

ciency and versatility
systems..

A . A

) pace 'I"ransportation System

’

"’vmcc‘ that o wks 4 new 'way of doing busindss in

space_and . new plateau of- mmuu) i the US.-
steadily

T program of space  exploration, moved’
nearer to complétion during -1977.7The main com-
penents of the hght system—the, orbifer, the
solid-fuct hooster motors, \[hc external fuel tank,

_ and  Spacelab—wege in various phiees of testing.

"o - The Inertial Upper Stage—formerly the- Interim

) Uppcx Snge—bcmg developed by the’ Department

of Defense to boost heavy pavloads into orbjgs he-

yond the pcxfmnmncc curve af the orbiter,
nc.u'm;}‘ the end of its intensive design phase. The

Spinning Uppm Sugcs. now in design,-are bting

developed in two sizes as a private venture and

arc intended te loft lightweight p: nlouh from the

orbiter 10 lughm oxlgm .

+The most visible prqgrcss on the Space Trans

portation System in 1977 was the series of approuach

and l.mdmg tests conducted at. NASA's Drvden

Flight Rescarch Center in California. A 747 com-

mercial airliner was modified to serve as the carrier

aircraft for piggyback captive flights of thevorbiger.,
then for releasing the orbiter in mideair to make
frec flights und landings. THe Enterprise. the first

Q
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mstmmcn}s as wdl‘.ls sucnusts (o 01,01 ate the ex-

q . = Al -
C\JISIXUUOH (On[lllll(_d l[ﬁ lon;.,*

9p1(:\1ouslv knm . Ip agddition o sources” withaf

Ttems §n [hc“lls[ & ncgo-n, cuh (0 $. -

‘

'..’

()f CI\IS[H]}., L mspml l[l,l)ll»-_,
N .

"Ihc Space "Il.mspoxuuon S}stcm a major ad-:

Wis -

P

orbiter, is‘to be mo<‘1iﬁcd_:md flown on the 747 to

%

, . e PR
\Ll&s/hxll Spd"(L lllghl Ccnlc in Huntsville,“Ala-
bamia, to hice used in \llu.mon lcstlng The second
mlmcr“.mﬂ be the first onc to.venture into orbit.
A tvas bcmg asseinbled and will be checked out in

~.mid-1978 before being ferried on the 747 to l\cn-

nul\ Sp.l(c (cntc)-;.blgﬁdd, to bc readied fon the
orNjtal Hlﬂlt tosts. o, . -

"I st visible was the, [)IOBILSS on the ground tlul,
* ey befng veadied at- Kennedy Space Center and

- l)qu, pl ufm(L at V.mdcnbcxg Air Force Base

California, o),on the fh;,h[ (omp()huns-\llll under
g_xwm(n(m YLhe big soh(llue‘l(d fx)()s[cls were
iesefried o e Hirst time in July 1977 and- the
“hdoster recovery pn 1<hulc hlu(lmm,(l well in
(hop téstay " The J\lannl Tank, whidr \\i{l con-
tyin the ,luc .m(l oxvdizer for the orbiter’s lLuc
u .un-(ng.,mu %he one (_\]')(ll(llb]( pmuon ‘ol

vide o significant pereentage-of the Mmissing mass’ - ~'lhc Space Shuulc Manufactored in i way that

(mp’msx/u standardizedy low-cost, l((lnnquu the
first tank was shlp[;ul lo}h\\ atioml Space Tech-
nolog\ I.ll)m wory, Mississippi, in’ S(plcmhc 1977

* i

\

l()l testing.

Spacclab, the orbital llr;)l atory that can be fitted
into the cargo compartment of the orbiter and pro-
vide support for manned or antonrited experi-
ments, 1 bcm;, finded and built by the European
-Space " Agency. In 1977 Sp.lulll) movcd past the
halfway point in the dcsxgn of componcnls and-
systems; all designs are o be” ready for the critical
design review scheduled for February 1978. Manp-
~facture of many compontrits for the flight unit is
under way: the completed.unit is to be delivered
to NASA i two segments, onc late-in 1979 and
the other, cirly in 1980. Spacelab is scheduled to
orbit for'the first time in December 1980.

The opcmuonal structure for lhc Space. Trans- \
_portation System Is well advanced. In addition 'to
the basic-NASA and DoD missions, N:ASA has ])(_Cll ’
negotiating Launch agreenients with organizations -
“snch as (omslt Western Union, and Telesat/Gan-
ada. Also. in -May 1977 the U.S. and” US.S.R.
slgncd W ﬁccond five-year bilateral agreement con-
"tinuing [hcn space <oopcr.mon In  November .
NASA 1cplcscnl.1lncs met in Moscow witl? Soviet
counterparts o discuss’ (_’\[)(_‘lllll(_’lllh that mighgbe
in¢luded na long- -duration space mission involving
the American Shuttle and the Russtan:Salyut space
station. Three meetings in 1978 would fmthcx eval-
wate exper iments dnd recommend a program to the
respective governments. Shuttle flights for 1980—
1081 are now fully booked; cargo manifests have
been developed for the first few . years of Shuttle |
operitjons. A handbook for users has heen pub-
lished: user charges have béen set for all classes bf
usérs for the first years of operations, ﬁul)|ul to
adjustment only for mflation. Advance dcposns on

7
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« + Scout:\las, Thor, and Titan [ -
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~

overRI50 payload items were received Dby NASA

wSin(lustry, e‘d}xc:uional institutions, and per-
sons.- . - \

When NASA .invited applicarions for flight: crew
positigns on STS, more than 20,000 persons res
quest
were r¥ceived and processed.”

'\éxpen able Launch Vebicles )

“khe United States space program had a total of
26 launches in 1977; 924 of them were successful in
orbiting 29 s':nlc_llilcs.-—"l.'h:c two complete failures
involved one Delta and one Atlas-Centaur. vehicle:
one of the lost payloads was for the Europecan
Space Agency and one~Intelsat 1V-A—for the Com-

snt/(?orpor:uion. A second Delta vehicle had an,

~upper-stage failure, putting the Ewopean Space
Agency payload into an orbit from whiéh it is only
percent cifective. Other vehicles ‘used were

~~Research for Spacecraft Improvement Sy

Q

--A broad range of rescarch ‘projects sought ways
to strengthen, . lighten, improve electronics, ahd
dugment power sources on spacecraft. ’ :
~ ~Materials and Structures. Therinal protection for
_re-€ntering spacecraft was improved by a new, re-
usable insulation material with improved strength,
wear, and impact properties. Adso a new. thermal
coating, called “second surface mirror,” prevents
secondary thermal buildup from glare while saving
weight.. = < - - R

‘Structural weight may well be reduced by us¢ of
gr:iphvile-pol)‘(li,mi(lc structures. i 1977 four such
‘materials were -idehtified  as having potential for

structural use at temperatures of 315°C for as long.
s 500 re-entry cycles; weight reduction was esti-

mated at 28 percent. . N
Electronics. A’ lincar chaige-coupled-sensor array

that .can’ image in the near-infrared has been de-

signed- for repaote sensing of FEarth’s and other

" planets’ environments. Since it processes sign:\nls on
wthe same chip.as the imager, it “saves significant

amounts of size, weight, and power.

 NASA demonstrated in 1977 a robof that com--

bines "and coordinates vision, locomotion, and
manipulation. A unique visual memory and im-
proved computer techniques enable the robot_to
process TV images more ‘than 10 times faster than
previous\gystems. ' .
Space - Propulsion. In liquid-fuel ‘propulsion,
components for a small, . reusable, High-perform.
ance engine burning hydrogen and oxygen and
intended for use on aqrbital transfer vehicles
achieved a record specific impulse of 478 seconds.
' .

8
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application forms and more. than 8000,

-
e

N
Solid prépcll:mt,s withstood the stringent _ steri-

lization standards for. Viking and hence could be

used lojlunch' puylon(l?s from the surface of other

plangts

surface,

Aeronautical Transportdtion

~As In space transportation, acronautical trans-

portation involves military and - civil systems that.
- are already operational or arg in active develop-

ment. : :
Operational  Airveraft and Airborne  Systems.
Among government agencies, DoD has the major
concerp for operational aircraft. - ‘
FiGuter ArcrarT. The F-16 multimission fighter

vichout risk of contaminating the planetary

L

was :1pp"rovcd Tor full production in 1977; the first”

of 1388 aircraft will be delivered in August 1978,
In May 1977 the European-partners in the F-16—

- 'Belgium, Norway, the Netherlands, and Denmark

-—signed agreements to purchase 348 aircraft. The
F-16 reprc.écnls the l:u*gesi co-production progriam
-ever attempted, with over-$2 billion in contracts
in Europe. The first customer outside the consor-

. tium was Iran, which sig{]cd an agreement to buy-

160 aircraft. -

The F-15 air superiority fighter continued to ‘be:

- produced ai the rate of nine aircfaft: per month

and more than_ 250 had been delivered to opera-

- tional units by the end of the year.
‘ 1 .

The $:18 - carrier-based  strike ﬁ{;hter, approved’
for full development in 1975, is sc

1eduled to make -

its fust flight in October 1978. Tt will complement -

“the. more sophisticated F-14A, which is now rou-

tinely making extended deployments on carriers

in the Atlantic ;n'nd‘P;lciﬁc Fl¢f’f‘!s; ‘

.+ The "A-10- close-n

«duction, with. some 75 of ‘the approved 339 de-
livered: 'The first operational squadron ‘was ac-

~tivated- in June 1977 and initial operational.

capability was. achieved, 'lhrcc"-m(_mths ahead of

schedule, in Qctober.

The AV-8B is the -follow-on version of the suc-

-cessful AV-8AT the Marine Corps™ light attack
vertical/short-takeoff-and-landing  (V/STOL) air-
craft..In 1977 it completed the first phase of wind-
tunnel testing at NASA’s Amncs Research Center.
The data confirm’ the design intention that this
version should déuble the range or payload of the
AV-8A Two prototype aircraft are under produc-

_.tion contract.

Boaser AlrcrarT. Although. production of the
B-1 bomber was halted, the three research, develop-
ment, test, and evaluation aircraft continued their
flight-test program at Edwards AFB, California.
The flights measured overall «performance and
structural air loads and evaluated the avionics.

-

E-support -aircraft ‘was in pro--

.
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" aircraft is scheduled for delivery in Auguse 19787
g theré are-contract optlons for anether 353 av r..the .
~_1éxt-three years. -

_ TraNspoRT AIRCRAFT. The- Advanced Medium
STOL Transport
completing a Phase F flight-tést program in 1977.
In 1397 hours of flight, theyydemonstrtlte(b STOL
performance and operational utility.

HELICOPTLRS “Several configuratioris of hehcop-

ters weré continued in devglopment toward a nurh-

ber - of specmhzed functions.- The At’my's'UH 60A _

Black Hawk is intended to support greund, forces,
both in combat and service roles. The; first ofr 15

The Advanced Attack Hehcoptet completed fl!”

(AMST) had four prototypes -

N .
N . 4

Wind shear is another threat to, air safety in,
Sipek 1971 seven air® carrier ac-’

terminal - areas.
cidents have been mvolved with wind shear—a

sudden change n wind ypee(l or direction at thi

edges of airports where aircraft are flying ‘closcfio

‘the ground at low speeds as they approach or de-

. part°the; airport. Research efforts were begun Yo
measure and attempt to predict wind shear, and-
‘develop avionics that will enable pllots to cope
~ with-wind shear, effects.
’The conflict-alert warning system was installed .
_in‘the last of the en route stations in 1977 and ef-

forts were begun to mstall it in terminals. ‘This is
arother computer-based system in which ‘the 5ySs,

engmeermg (levelopmen.t in 1977, with emphas:g J‘!em projects the existing posmon of aircraft under”

« -

on integration’ of the armament and fire, control.
‘Fabrication -of additional prototypes was (deferred
until 1978.

In the Cobra/Tow program dehvery of 290 re- .

troﬁtted Cobra helicopters with the highly effective -

Tube® Launched thlca\Ily Tracked, Wire Gutde(l
(Tow). missile. was completed in October 1977:.

"The first of 297 new, upgréded Cobra/Tows was

delivered in-March 1977. The Army plans to retro-

fit-another 400 Cobras and to modermze the entire
. .fleet with, among- other 1mprovements, co

Qsite

hehcopter blades thatiwill increase aircratt - sur-

*Vivability and double the life of the blades.

The Air Force completed initial flight testmg in

1977 of the H-3 combat rescue helicepter eqluppe(l

with Pave Low III. This soph}stlcated sensing sys-

"tem enables low-level penetratlon of unfriendly.

N

territory and recovery of air crews in total darkness
and bad weather -

" Cruise MissiLes. The Tomahawk is a long range
high-subsonic-speed cruise missile that can be fired
through submarine torpedo tubes or from ships,

aircraft, or mobile land-platforms. It is under de: -

velopment in two versions: a'c ventlonally armed
anti-ship weapon for the Navy akhd a nuclear-armed -
land attack: }reapon for the Air Force.

Operationgl Airway Systems. The Department of ,

Trahsportatfon has responsibility for operation of
tHe National -Aviation System. Progress was made
in several areas in 1977. :

AR SAFETY. In 1977 the Minimum Safe Altitude
Warning system’ was installed in-all 63 major air
terminals, in the U.S. Begun in 1973, this com-
puterized system provides automatic surveillance
and altitude data to alert the controller to aircraft
flying below minimum safe altitudes. A companion
alert system will now be extended to‘the en route
air traffic control system. Here the same kind of
aircraft equipment will feed thescomputers at the
20 Air Route Traffic Control Centers. A demon-
stration is scheduled for the fall of 1978.

‘gjurvelllance. predicts any situations where aircrafr,
. come/)wnhm 40. seconds of un$afe :separation,. and

wafns thé controller by audio and visual signal S0
~that the pxlots canr be. contacted. Field testing of

‘terminal equipment was completed in 1977 and -

is to-be installed in major air“terminals by early
1978

"AR TRAFFIC CONTRoL To meet the need for ani
improved_ instrument landmg system in the US.,

the FAA has béen developing since the carly 1970s

‘the Microwave Landing System. In 1977 the sys-
tem ' reached its third phase—prototypé develop-
ment and evaltmtlon. Two prototype Small Com-
munity systems and two Basi¢ Systems were
delivered in mid-1976 and. have been in test and
evaluation. Also the FAA-developed Microwave
Landing System based on  the. Time Reference
Scanning Beam was submitted to the International
Civil Aviation Organization as the U.S. candidate

for ‘international standardization of landing sys-

tems. NASA ]omed FAA in demonstratmg coupled
-approaches and automatic landings using the mi-
«crowave systern and a ‘737 transport where display,
navigation, and flight control systems marked ap-

plication - of - all-digital systems to a conventlonal

transport_aircraft. e
. AIRWAYS MODERNIZATION.
Stations provide pilots with . weather briefings.
procéss flight plans, and provide emergency assist-

ance and search and rescue. The format in which.

the stations have traditionally operated is highly
labor-intensive. Demand for services has™ grown
steadxly and is expected to triple by 1995. Both to

minimize human error and to restrain costs, initial '

steps were taken to modernize the stations.
Another modernization was to npgrade the auto-
mation capability of the Air Traffic Gontrol Cen-
ters to control and coor(lmate’ the flow of air
traffic. In 1977 a computer was installed in the

center in Jacksonville, Florida, for this purpose

and software was ordered for its use. When in op-

»
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eration in late 1978, this improvemeént  flow con
trol should enable controllers to balu-ico capicity
against demand; thus improving the usc¢ >f the air-

- space and saving aircraft fuel’ by. minimizing the

nced' for flying holding«patterns:*

-9 g

Research for Aeronautics | mprovement

. The Federal commitment to maintain the com-
petitive edge for American commercial transports,

military.aircraft, and general aviation continued in .

1977 as NASA and-DoD pursued ‘research and. de-

) mspardn to minimize adverse ‘environmental cffects-
_of aircraft (see the Earth’s Resources section of this

velopment‘;improvemen_ts for aircraft and airborne

systems, and the FAA rescarched improvements in~
ground segments -

safety and efficiency in the air angl
of the National Aviation System. i
Aircraft and Airbdrne_ Systems. 'In‘ addition to

_ summiiry chapter), NASA pursued ‘nefv technology

pott aircraft by us mueh as 50 percent.
ENGINES. NASA seeks to reduceé fuel consumption
while lessening deterioration over time of current

that will reduce fuel. consumption of future ‘trans.

" and future turbofan engines. Work began this year

" -on redpsfgning the fan_ blades and improving the -
durability of the high-pressure ‘seals. NASA " also.

" ponents such as winglets, propulsion system inte- *
gration, «and - active : controls. for reducing wing .-

explored next-generation technoloéy for a turbofan
engine, with much lower fuel consumption. »
ArRODYNAMICS. Wind-tunnel testing provided a
basic data base on the supercritical wing which can
be applied to the design of future. transport air-
craft. Also identified for testing were other com-

loading. A Tockheed L1011 aircraft equipped with
active controls b baseline data. flights in 1977.
The search for a supercritical wing of -minimum

weight has led to wind-tunnel testing of a full-scale’
wing section having the laminar-flow suction sys-

termn intcgmted' into the primary structure. The re-

-sults are promising for future: transports.

Q
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STRUCTURES. Advanced composite materials were

being researched by NASA in 1977 and compo-..

nents were being test-lown. One-of-these compo-
nents—ten copies of the upper aft rudder of the
DC-10-was in rqutine flight in 1977 #nd a second.
the vertical fin on the L1011 aircraft. entered de-
sign verificagéon. ' '

In DoD each service has research projects in
structures and materials: The Navy is seeking to

-replace the metal rotor blade on- the CH-46 heli-

copter with a fiberglass one that is resistant to cor-
rosion, small defects, and rapid failure propaga-

‘tion, needing only visual pre-flight inspections and

lepgthening the tepair ‘cycle by-500 percent. Four
di

10

erent components made of composites com-

v

airway system. .

.

pleted laboratory and fatigue tests and are being
fabricated for testing on operational aircraft. The

Army concentrated its structures and materials -

program on helicopter comppsite components be-

cause of the higher penalty Yhat weight imposes
con” helicopters and the “heavier vibrition stresses -

e,

that can induce metal fatigue. Both - the- Black . -

CHawk and Adyanced Attack” Hel’icop(cr- flew in

1977 wixh acrodynamic surfaces” and. structural,

. fuselage components made - of - composites. Two
‘other helicopters—the*AH-1 Cobra gunship and the

CHA7 cargo helicopter—were equipped ,ivljth'nc'\,\t

composite rotor blades as the beginning of a modi- -

fication and improvement ‘prograh.
L] s M oy
IMPROVEMENT 01 Loxe-Hati anND. SnorT-Hatl,

- AIRCRAFT. In research on future long-haul aircraft,
- NASA found that the old formula for adapting

subsonic aircraft to market demands by stretching
or shrinking the length of the fuselage was not well

‘suited” to supersonic aircraft. The intricate T:.Lm

relationship between wing and fuselage desigh on
supersonic aircraft dictated -a new -approach. In
1977 the U.S. applicd-for a patent on a different
concept employing lateral rather thani longitudinal
fusclage changes, providing wider or narrower

cross sections of the cabirarea to alter the .capacity . .~

of ‘supersonic aireraft. - ... B

- In the shorthaul sector, the Quiet Short-Haul
Research Ajrcraft neared completion-in ‘1977 with
fabrication and ‘installation of the new: propulsive-
lift wing and the engine nacelles. Following its
delivery to NASA in 1978, this aircraft is intended
to: validate in flight the technology the aviation
industry needs to manufacture quiet short-takeofF-
-and-landing #rcraft.. o

AIRCRAFT FIRE SAFETY. In 1977 the FAA con-

tinued . its research and devclopnmnt“tmvard re-
‘ducing the hazards from’ postcrash_fires. A two-yeitr

study was begun to design a system that ranks the-
“interior- materials in a_transport cabin~for theiy
collegtive combustion™ hazards.. A simulated wide-
body. transport cabin was used in cabin-fire tests,

to assess hazards-from the burning of ‘materials

R : .
inside’ the: cabin and ‘the by-products -entering the

cabin from fuels burning outside. Tests were per-

formed with the Navy to evaluate an antimisting~

additive in aiveraft fiels and the extent to which. it
minimizes the ciash fireball. : v )
Airway Systems. FAA and NASA continued re-
search to “improve the safety and efficiency”of the
. N . A ”
SAFETY OF Furure TRANSPORTS. A number of
new. sophisticated systems are nearing readiness for
incorporation in the.next generation of jet trans-
port aircraft: e.g.. active control systems, composite
control systems, digital avionics, and digital 'ﬂigk{r

<
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". sources for Earth .lpplxc.mon

" the Department of H

thoygh - more complc and
nt thes “ould uplau they

control systcm% Everw

prcnsxve th'm equi; -
arelikely to beusec  ecaunse t -
ing effciencies ;im ower ¢
“achievable by any o mearb.
“has been’ mmgm e

rating’ cosys
A broad program

i

new technologies’ ,
AVIATION SECURITY. Frotection 1g41nst dcts of
terrorism:or s.lbot.ngc on aircraft or at nnponw con-
tnued to receive research attention’ in 1977, An
cexperimental automated radiztion-contrast system
demonstrated excellent ability to detect bombs in
- baggage. The system is being bought fo_l -opera-
‘tional use atairports. | ' ‘
Othc‘r tests specified locations on commcrcml air-
craft 'where any bombs found in flight could be
securedl with least risk to passengers and the ar-

craft.”In all tests incorporitting these least-risk pro-

cedures, damage \ms confined to levels that would
- permit the aircraft’to land safels. . ¢ -« -

- Space Ener_gy

.

Rescarch on cxploxmuon of cnergv n space mkes
two forms: improvement of energy -sources on
*.spacecraft.and egploration of Sur- rchtul encrg)

Spaoe Power‘ _ _; . o ;

will gcncn.ntc substa uallv hngher W}olmgcs over
long mission profiles.| .

Solai Cells. Battejies, and Juel ,(llv
mental solar cells wefe paoduce(l in 1077 thit were
five times tlimner asad lighter ‘than tiase. how in
use.in space.-A blend of the silver- zinc sattery and
“the h\(l)ogcn oxvgen| fuel cell—the sil. ~-hydrogen
battery=was tested i 1977 in simulatc  gynchro-
nous orbit. Not only does it weigh:ha: as much

As conventional battpries, ‘but use of the sa
as the main propulsfon system would offer| further
weight savifigs by eliminating redundant tankage
and reserve fuel. '

Ra(lzozmm/)(' Th
Vlklng spacecraft thi
in orbit aboyt the flan<t Mars
depended for*tong-tebm. reliable clectric pgwer on
radioisotope thermodlectric gencrators su )[Jlie(l by

ergy. Nci only dicd the units

and semon'll tem-

‘ .
rmoelectric Generatoys. The

survive the extremesiof diurn:i

Y promlsc oper: nt-'
not

by the FAA and NASA ‘o.
) determine .guideli 1cs fon the certification of these

LY

Ty

\pel i

ne fuel.

t overated on the surfpce and ™ _
n 1976 and 1977

p(:r"uuré
I)ut thev suppllcd he,
the iander s} (
Similar evidence o durable perform:mcc came
- froms DoDs Ics 8 {dnd 9 /8[0”![69 since March
l‘l/ﬁ]{(hm hMc functioned without’ mtcrruptlon
. Lach of th/c two-Voyager $pacecraft launched in
\uf,mt and Qcptcmbm 1977 has three large. isotope
Jgegerators on board that produce a total glecmt -
miput of. 47’ watts per spacecraft. For the two
s[J.ncur"m fhls totals as much nuclear pewer as all

OOL?‘ missions currently in space. Nat only are the
er units expected to be functioning at Jupiter
ncounter ‘in 1979 and Saturn_encounter in 1980~
981, but the power sources should be adequate
7f01 “the approach to Uranus in 1986 and possnb})
‘(f01 the pass of Néptunc in 1989 Like the-other
flight-model nuclear power sources NASA has used,
{ these are enciised in proven containers that do not
71‘ leak radiation even under the stress of :}’cmdenml
re-entry. -
Dynanite- Power Syv!('ms Expenmemnl work C(‘)n-_
inued.on the materials and systerils that - mlght
best be tsed in a-dynamic power system fousp.u:c-'
craft that cguld produce electric power in the 1-
| kilowatt range and béyond. The Departmient of ‘
. Energy is- investigating the compctmvc pc1f01m- L
ances of the Brayton and Rankine cngine systems.
Ground tests are scheduled in early 1978 to enable -
sclgmon of the bC[\[Cl system-for development. . ‘

>

.

‘p-s\\

Energy Systems Apphcatzom .

In 1977, the sp.lcc pmgldm continued to con:
tribute to the developmeng and evnhmnon of new -
cnergy sources for use-on Earth. _ ,

Solar Cells. The Department of Energy sponsors

. work on reducing the weight and cost of solar cells
for use on Earth. Two projects allocated to NAS; A,
are the Low Cost Silicon Arr"l) at the Jet Propul-

i sion 1 abor: ory, whiclt attempts to reduce cost and °
increase: the . lifetime’ of solar arrays, and-the Test
and \pp‘llc.mons Project at the Lewis Research”

Center, which - exoeriments with npphmnons of

solar cells that mi:ht interest-commercial users. In’
two vears thc masket for solar cells has increased |
by .a facior ‘of ten. the cost of arr: g has been. cut
in half. and  the number of compinies m"lkmg
solar arravs for domestic use has doubled. -
Satellite Power  Sysiems. Since 1968  the
trigning concept of large power stations,in geo-
synchronous orbit, converting the Sun’s energy mto
microwave energy and transmitting it to Earth, has
stimulated interest and study. In recent years it.
was studied by NASA; in 1976 management respon-
was transferred to the Department of
In 1977. the Department of Encrgy and

i

in-

sibility
Enere,

.
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I'ntroduction
. Sigce 1958, the I\.«mon.ll Aeronautics and Spitec.
Admmlstmuon . (NASA) . has been the c1v1lmh
agency of tlie . United Spates gon;cmmem em- -
powered b pl'ﬁl direct, and’ "conduct research and
dcvclopmcm pcnammg Jo space and. aeronatics.
“This program is carried outTR{concert wiLh a num-
ber of other civilian government agencies— f01c1gn

. Federal, ‘state, and: loc.al—who have rescarch or op:

-~ .- :

~tech nology and techn

cxauonal interests in these fields.

Department of Defénse (DgD). NASA exchanges

information jand providgs -research and - develop-'

ment assistpnce to DoD.
Sevefal broad objectives have shaped NASAS

'space and aeronautics programs over‘the years. In

been the development of
ques. for more effective space
oper"mons demonstration-of the practickl utility

space the “goals. hav

“of * space systems and technology; and scientific in-

vestigation of .the: begmnmgs, development, and

‘processes of the Earth and its atmosphere, of thé

"planets, moons, and Sun of our solar system, and

of the intricate diversity of ‘the Universe. In aero-
nautics the goals have been Tresearc
ment to improve -th¢ aerodynamics’ striictures,

" engines, and overall performancc of aircraft in

ERIC
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ways that make - thenm - more efﬁc1ent.,s1fer, and

environmentally- accepmble -
~The.year 1977 was mirked by solid progxes& to-
ward these goals. In space NASA had a- ‘total of 16

launches, of which 14 orbited 15 satellites. Of these ’

satellites, lO were laufiched for -international, na-
tional, or commercial customers, 3 were in furthel—
ance.of NASA’s own programs, and 2 were coopera-
tive satellites. In aeronautics, a number of weight-
and energy-saving projects made good progress.

Applications to Earth
. a .
Experimenmtit}ri "with and demonstration of
space systems that have potential application for
uge in’the public or private sector proceeded in
4 '

Na,tlonal Aero\nautlcs o
§mil‘ Space A_dmlm'strhtlon e

The mlht'u%
spacggand aeronautics program is conducted by thte

and d velop-

in transmisNon of voice,

)
{7\ - - ' . ‘ . ) -
] [ 4 -~
. , ,
2
. : | \
. - Q -
1977. Coffununications, environmental reseaxch,
weatlier forecasttng, and Earth resburces were &he
mnjor targetss . A
. .- t { o . [y '

C ommumtatteus

Appltcatfgns I"echnology batc’llztc X A"I‘S 6).In *
January 1977 A'TS 6, now st.moned over’, the, mid-
Pacific opposite,_ the U'S., .began._ its. third year in
orbit with a plogmm ‘of 20 expcﬁunems Most \of
these are_in gublic ser v?e&dxscxplmes with the rest.
in space sciende and tcchnology apphcauons Algp,
its location .énables -it to transmit expenmemé]

‘programpming to. the 'Ilust T erntones Pacific JIs:

lands. -

Commalgicalions lechnology Satellite (CTS ).
‘This Jomt Canadian-U.S. satellite, the most power-
ful transmitter yet launched, wasorbited in 1976
to . experiment with satellite commupicationg to
low-cost. ground stations on the 12:GHz frequency,
which is allocated specifically for “satellite broad-
casting without -power limitations. By the end of
1977, 15 of the 18 U.S. expenmcms had_ started -
operations. They cover~- ’w1de mn'*e of educa-"
tional, health, social 'serv1ccs,
exchange investigations. ~ -

.S[udy of Future ('()mmumcatzons

and

NASA con-

“tinued research on improved components for space

communications and . demonstrated transmissions
with e\(penmcm.ll hde'lre to extend capabllmes
data, and televmon In
response to grQwing concern over present and im-
pending overcroWding of the elccuom.ngneuc spec-
trum caused l)y the worldwide -upgiirge in use, of..
communications, NASA . : o .

¢ developed techniques for ¢ompressing l)"md
width, thus making more effccuve use of the
available frequency spectrum.

e studied mcans to open up new regions of thc

communications spectrum.

o studied, experimented with, and modeled such
problems as radio frequcncy interference be-
tween satellites and Dbetween satellites and
ground communications, optimum spacing of
satellites for communication, problems of intra-

.- N v s \“ .
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and inter- -regionful hcqucmv-.m(l mlm sha=
mg and adverse. propagation effects.
TNASA wi s deeply involved in ﬁuppoxt@ with
technical donsultatign other Federal agencies that’
‘have policy, rcgul.ltoxy, or opcr.moml responsibil- .
4 J%y in commummuom—pxlm ml_) the Off e g of
ATe\kcommlumcdnons Policy, Exccutive Office of llu
. *President; the- Dcpmtmcnt ol State; the “Federal
) \Communications Commission: angd the I)cp:lrlmcnl
< of HClllh Education and Wélfuc An nnpotlml
_ part of this was NASA's participation [(with morc
7 than 5 50 lC‘dlnlC.l] papers) injthe 1977 Won‘l(l Ad-
piniser ative Rl(llo Cox)l<xc:1(€ o1 Bl‘bld( ast Satel-
HRtes. -
~Evert as this conference was taking place, NAS, \
"was also .l\Sl\lan in \prepdrations for the 1979
. World * Admnmsn.l[n% That

<

——

adio C onfcxcn(c

. conference-is e\pcclcd to, completely revise thetins,/

terpational mdio ugul.mons ‘NASX's puu(m"u
_einterest ‘Has been in such areas as remote sensin

Earth exploration, scatch and rescue, .m(l pul)lu :

services yroadcasti ng.

of space ‘communications for hcullh care, (uluu-

non, and pubhc safety applications. MASA solicited -

user involvement - in (lcﬁmng 1cqm1cmcms .ln(l
" economic \mblhlv . v .

, Data Colle,ctiog z'itz Satéllite . ‘ .

" Three new lmlnmcs i (Ll[.’l (ollcclmn were - g

bcgun in 1977: -, i

> U.S. Army Gorps of Engincers, with NASA
'support I)Mrk on the Natonal Water
.Resources Infor mnuon* enter, in Wlshmgton
-D.C. 7

Cassisted by the

v o

ntial usé of comm&Sl] satellites—
f the Canadian " An communica-
tions s1_telhlc—to transimit yemote-station en:
-vironmental data from th¢ nmthcmun l{
=~ and Canada and” from. Virginia: e
. th%\De}nrlmcnt of Agricitlture hegan opc A

tiohal use of space. data- collection from un-

“attended, data collectuﬁ plntfoxm.s in Utah

RO " and other western stated ..
- Satellite-A
nlcllucs to ajd in scarch and Fescue of (hsnusc(l
land, sea, .or dir vehicles ‘was demonstrated in Scp-

tember 1977 when a balloon with two crewmen,

attempting to cross the Atlantic to Frande. was

caught in a heavy snowstorm and forced down in

the North Atlnnqlc off Iccland. The storm had
blown them far off course and disrupted their

. | »

Lo
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. (‘mnm;mzmnonc for ‘Public .S(mzr(' ‘S‘Ludxcs welc
l)cj.m on the conccpt technology, .md~ econofitics,

begm the cvnlu.llmn-

tled Sedarch and R(’cru( The' .nnrm of

v

v
radio communications. hul abo¥rd was an experi-
gental tramsmitter sending signals to the Nimbus
6 satellite; observers,were able to track the balloon
during the four davs of -itd\flight- and locate its
downed position within .ll)ou\t\’!izlonmtcn 191@@\,
rescuce helicopter. i
Approval “was obt; uned in l‘)77 foy, lhc ]oml
Canadian-U.S. Scarch dnd Raggure Mission o con-
“duct a demanst: mon of loc: atng atreraft and )hlps

»

g distress. - The ! space segment—an .mlcnn.l,
& recerver, pmccsso:, and u.msmututxmuld
mounted on a, Tiros-N weather satellite “to l><'

Taunched

sited Lo

411(1 most of (,.m. la. The Soviet Uhion'ar:

- .unon}‘ other nations, have ';u(lc (mmm ents (o
p: nl{up.llc in lhcdcmonsn.mm‘, '

S T .

E«'l\t/J Itm}/rcey - . ® . y PR
. \ R 2 .

)m{ng 1977, fise’ angacyaluation” o[ rentotely

scnscd data from Taircraft z;nd st[cducs ‘continued .

i a widg vartéty-of-uscs. ¢

- Both Lindsat Land 2 whre operat: n.ll throggh- -
out the,year, .llthough .lftCl five yean  in orbit the—

n [981-1982. Ground srt[iﬁ)ns would Iy
AO\I le coverage of the coftine-tal«U.S
France,

- "\ N

L 4

pulommncc of Landsat (I" was deg ided~by the
failure of band 4 of the mulli%pccll aner, de--t
terioration of.its power supply, and ¢ von of its .

.llllllldc control gas. The portable’' | satgromnd
station, which had been sending (l.ll t Hm Pnkist:m'
for (lexclopmcnt of worldwide wheu cstimates as
well as for 1Cglonll reSOUrces  projeci. Lnde(l op-
crations in Qctober 1977. ,
During the year, Tandsat-G nearcc (omplcllm
with launcli’ schedunled for carly 197x. Design ancg
< construction - of Landsat-D." thc second-generation
Earth vesourcds satellite intended for launch in
1981, was opeired to bids from industry in Augus
1977. In April the new, sophisticated prime sensor
“for Landsat-D,  the Thematic ’\Inppu beran de-
\clopmcnl \nothcn type of Earth rsources satel-

" lites the spacecraft for. the Kleat Capucity Mapping

N \Ilssmn, was-completed snd undcn;,omg hml test

at gshe end of the vear. with launch ~chedut -«

mid-April vl978. .

Three Earth resources experiments
for flight ‘on the second Shnttle Orbic. 4
in July 1979: (1) an ad: aptation i S

fogEoplogical and other land applic 1 .o
Shedle ‘multispectral radiomete: to : or ‘
resources applications the newly aeces ral o
bands in the infrared uglon of the s; and*
(3) an occan-color C\})ulmcnl -
The  Applications  Systems  Veri vooand

Transfer program 1s @ mechanism by - tis vete

’ npph(.mom projects are brought to RN
ment and reléased to- In ad

UuSCrs, 1977 \
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users completed or nearly completpd three. projects; -~ Preparationssfor thc Flrst\GART’ Global E\(perl-
folir new onecs: were (lpﬁroved,m 10/7 Those re-  wment (FGGE), to be ‘conducted durip ?{; 1978-1979
leased to users were: o % . ).ln(l mvol- 1ng 145 cou:tries, arc neafing complc-
: © «“tion. A series qf preparatory Data Systeéms Tests
,e the (omt’-(kund adopted for opel.monl] use. Ly ) { the & 1 by
he Great-Lakes the ice-monitorin tcCh S eci vleted and the data ‘l"‘lt’/u )'\
: Q? t evel i the 1 }e(g major moc. ;g1 s and other private find gov-

. ] 1 132 . . . .

. niques developed in cewarn pro 8 » crnment resalfil o~ > or sagellitedlerived data.

o a Water, M: lk}gwnent and Control project e two key

was. completed for the Corps of &ngincers— temppersitirg
. . using Landsat data to predict run-off in flood- - wind fields. 4:\
’ k * prone areas. o D , 6 cordr®: o ) .
. techniques  developed  in she Nl[ul.ll Re- oper: mm}j’l ment and better souniding tech-
. . ‘f sources Information System™with *the ‘statc of ‘{‘l” pected o he intsgrated into the -
“Mississippi have been adopted By the state of X TirghN s.ltcllitc in time for use in the FGGE. Over
' . Georgia,~relying ®a the capabilities Df the  thalast half of 197 7, basic 'TO[)]])’@IC;]] data sets and © .
. Georgia I"j,““"e of Tgehnolgay? - gnalyzed winl-field data - swere dg stributed* to the
« Of the Lontml"ng e\puxmenu\%nth ICS'g'l(LS nuajort modclmpiccmcn in [h(j{U These are the
R}Bﬁje s, onc of the most extensive hi ])eenfth,c \mosl comprelensive sets of /metcorological data )
L: ‘Arca Crop Inventory Experiment , (I‘A‘&Il) _\eyer assembled: they Tm\c l)ccn' zery ln(lpfn] in ex-
L IN1977 it gompleted its third year of deviging and PCNQ,C"“] fore astmg,* \q-—* . e
.temng tcclmlqné‘ for .lccumtcly forecadting each By the cn(] o 1977 v p.lsscngu airliners ]l 1l
years worldwide wheat prO(fucnon LACIE is*a  heen outfitted with m?mufln( equipment that wil]
’ ]ofﬁuicndcavor by the U.S. Department of Agricul- , ¢dllect metcoroiogical data’ and immediately LCll\
_-ture, the ’\‘monh Ocgeanic and Atmosphcn(wA(l them 1o weather .n?c(, 1sters - via connmmunications
ministration (NCGAA) . and NASA. 5L A(‘,II: - satellites. Im (b sure, this system can . plovid(,'
\chedule(l for completion and final,evajuationt in ~ weather data from areas of the tropics and “vast |
% 2id-1978=Applied 0 the U.S. Great Plains, LACGIE regions of the southern Hemisphere thit have sel’
" .n the last two vears-had. foregast wheat produc;  dom -1 reported ony Also these? duta will be
zion with™1 10 pcz':'cn{ of theorecasts of the De- henefi- . 1o all oiher dircraf: flying these routes

e D!

partment  of - Agr:calture’s - Seifistical Reporting . .in th. orm of up-to-tlie-mirute fligh: planning.
vervice for the winter wheat regign. Spring wheat b \vhick offers cconomies ih tim and fuci and gains
estimates were not as accurate, but\gew lechmques in flicht’ safety. .

are being tested toTimprove the pr Jccnom The ~ '
Departmcnr of \gnculture has gcqhired "its own GOFES satcllites l'“"dlgd after 1940 will be able
advanced imaging processmg equipment to fmthcx _tg observe the threedimersional strucire of the

v test LACIT forecasting ttdm,queg “atmospheric temperature “and water-va: - (lntn;)/
.tion with an instriument being developed by NASA.
Veather a+d Climate “ . _ '.I'“hc.s'cl .n('w capabilities -romise _e?xc'itin, advances
: L. in ability to detect, tra. <. and monitor the evohi-
NASA'- veat cr and climate program focusts on tion of severe storms. caabling e_nr]icr warning’ to
developm:nt o: apphications for weather observa- the public- Extensiye research and development
ions fror space: derecting, tracking, and predict-  will be needed to bring this technology to opera-
~ ng sever storms: .Wémspng the - daily weather tional status. NASA is organizing and_will conduct
" vents; a: 1 denning “he dynamics of climatic fune:  the necessary demonstration experiments in con-
wons. In o 977 emphasis was on|support of the In- ~ junction with- NOAA. '
:?.{na“ n;f‘ G]O_'_ml .vvb,.rr.nospher Research Program- Work  continued. on the * \tmosphcr ic Cloud
SARE) and itional“Weather Service;, and -
extending the capa- ities of our current SdtClll[C Physics Laboratory, scheduled to orbit in tine Shut-
svsterns. NASA s also working with the National tle Spacelab 3 in 1981 Tt will be a versatile tool
Science Founda:ion and the National Occanic and  for studying basic physical factors in the formation.
"Atmospheric Acministration to marshal the na--  gowth. and ""‘C“. tion of water droplets and-ice
tion’s m-<t. appropriate resources under a U.S. crystals within tRe atmosphere. At the close of
Climate Plan. NAS\A's participation will include -, 1977. proposals from :he scientific research ‘com- -
~ satellité remote sensors, data applications, data mumity at large were being reviewed: for selection
" -management, and a variéty of numerical- modeling  of those experiments that offer the fulles- possible
activities. ‘ benefit from this research facility. -
° L] e
. | ~ - v/
N , . /
> P
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The stfn(ly/of cavironmental quality is ajmed a1, )

e .o p .
» Environmental Quality .

J
, (lgvcl'g?)ing. dgmonstriting, amd” transterring spatce
e lcchnoloqu 1t measures -and menitors ehose 35-’7 "

pects Of the *environment t\‘*}lichﬁ:tﬂ"ég« the uality
—of Earth's ilin'IOS')l]CI'C and” water.* o K
' The majorfoets o_t";rc.s'c_':n'ch ‘n the upper anyds
phe s on the contint lhg mdasurements® of qlz;ur
Y it and distribution a)f global ozone and othic:
my. u'[:ﬁwt ‘Tmﬁtbgp%gﬁ(' “species -and of "how, [hc.'\ ’
awze with time, One ifpotiant dynami¢ progs
» betrrrstudred is%c intercltdnge of ga'ses and acrb
sols etween>the lower atmosphere m‘opospﬁcrc)
and “he uppgt atmosphere (stratosphere) «a proc-
e{;s ~aitlly referred to_as tropos;)hcrc-sf;‘:uqs,)ll('n-
Xchiange. Durirfge i summer.et 1977, NASA con-
ducted an experiment from the Pahama Cowel”
Zone to measure this exchin ge as r} tikes plc in
they tropics. It is thohght:{l&.nt this region—known

-

~

.

-

-
o

Y Insupport of TS ey

A mtaur maps Sf ()lh(“f%irl“)of'[iln[ polh

o,

»
- &L .

. Lo -
cuvironment, roblems. vhgn the Argo 1\1(';'(‘/&(_1)11
spilled tts ¢ 5 of oil i1 Decémber 1976 oft Nan-
tuekey Island. NASA vésponded o a request from

™~

£

NOAN wir' vdrergly anc sarélliee” dat on® e .
“.”j%m” - .n(-.o'{l\\li(k, ke data ;U‘c‘l_)cing uspd -
by NO ;\i(;\cvn uate gnathgematical models BN

improved prc?fiﬁ[ion of i : life cy_c'lc of oil .\j)ills‘~ “

. .
dt S - ! .

s

[ [ LI
wtional Joint Agretmnd
1wd Canada,

on the-Greatr Lakex bcweerd the 'US.

‘ a/ -

NASN used _semote, IMmiggry from~d andsat el +
V. . H B 0
Htes add atreraft Sensors 4@ estimate the amouni i

of sediment entering (1.4 1K@ fgom “their tribuw-
tartes, Fhe data wergs also used, togeter withy, "
mepsurements taken the surface, }lo produce !
nt polhuiion ,p.'m"im .
silicad splfates, and 7

coors osugh us'Secahi depth,
noarients.

.

v o K J I AN
.

.

]

as the In.'t(_‘l'lropi.r.:ll~(1011\:61'ggll(t: Zone, is the loci. ™. - {;:n'lb mi(l Ocean P;';{dmu:v - \- . o .
. . tiol Qf major llpWil{'(l ll';ln.\(])():'i from the tropo- | Farth dyvnamjes e mp\nitorc(l.:md ?(udic{rlo :
=% sphere to the stratosphere. A related cxp‘crin?cnt, “help iothe assessmicit of: mineral and «energy- re- ,9‘3" ~
| to measure the transport h'mé; the stratosphere o source potential, to_ forecast carthgnakes! and 1o - i
- the troposphere,-is pl:u: ok for 1978 JllQ}f\\mi(l- do gco(lciir xm"\'g}'ing_ ,-\])')]i(-;1[i0115' derive from ¢
. latitudes in the jet folaime region, wherd major  -qadies of such pl}_\:s'i(*ﬂl characteristics of the solid ,
\\ (10“‘41“‘3.1rd“'lr:msporf is thought t “occu - ' Farth as wms gfavity and "n:lgncli(‘ ficlds: lhz('"tccf_" -

- ‘Remote sensing techniques for measuring quin- ronic l)l;[[cs'\\'hic-h form 15 crust? crustal deforma- ~
tities of kev “'OQI)OSPI‘C”“ rolhut nts in the lower  jion (‘;m.:;(’m carthqual s, subsidencg, and post- .
Jatmospherg continued 10 mpreve during 1977, glacial npliftivg; the wornle of the F‘:-n‘"th around
N\S;\_ and the state of Marvland -began a project i po o axiscoandsvari. Cons in the Eards rota-

~dnc-the fdll of 1976 to ul(':nu’fé\tho’(lis')crsion of tignal  1te. , o .

' :lgrbsols\unjﬂcd from‘. vowerpererating  plants, }'(;‘« modes of the © vity field. derived from -

T NASA used a ground-bas . lasesNradar (lid’;'a') for satell ossatellite AR ,')x'oVi}c- better “definl-
the measurements. Marviand's D martment 6f Na- tion « the short wavermgtin components Of the i
tural Resources is, using the' da 1o 'mlprol\\'c the gravity dclds. These graviry Cara, alorg with mag-
mathematical models sedd IQ' Pt the environ- netic-i: il diatmfvom the Qrh 1ing-_quPhysic:11 Ob-_ X
mentii: imp:m{ of powerpiant en  ions nn(l. to help servatory and gw()])ll\'siggl/fl:l: ,are (.fllrl‘Cl][])' oeing
the staze pick the most sizitable i citions for firture used to develop trial mod s of resources in  ater-
power plants. .Ano't'hcu'f\ ASA c;;-mrimcx_lt began in esting  formations. A )\ aeaetic Field ¢ ellite
1976 over L:lkCI\[i('higu using .n airborne sensor (Magsat)  under deyelopme: i a joint NASA/ /
to_measure carbon mor ide in.the urban plume U.S. Geological Survey prje. . To be launched in _ /

generated” by the cities
sensor, - development:
filter ¢ rélation radior

Chicizoand Gary. The
insirumcn; called a gas
rer, succeeded . in measur-
ing carbon monoxide  stributions as_far as 160
kilometers downwind., Nopstof the distribution are
being used to evaluate : e Fate of dispersion and. -
together” with other measurements, to study the
N chcﬁ]f('ql reactions within urban "pollution' plhumes.
The sensor is a prototype of one “hat will be flown,
on an “carly Shuttle mission to measure the dif-.
ferences i carbon monoxide concentrations be-
- tween the heavily populated northern hemisphere
- and the Jess.’popul‘ntcgl southern hemisphere.
' VV:lt(‘r»qu:tlity fnonitoring m 1977 found NASA
active in Studyibg both national 2 '1(lainlcrnmionnl

16

N

Q

RIC

Aruitoxt provided by Eic:

deand m'orc'n(\)cnm[_c n
field.
qas since 1972 placed

1 sites on either side -
~two years and. by

1979 it will,provide an un dae
model of e global magn-
7 Inetectonic research, NA -
mobile fa o TUging Static s
Avdreas Fault

~of the Sa 5
ranging on saichites, trie detect relative mo- .
. v . . .
tion betwerr the North “ican Plate agd the

\nalysis of
tions indik - that, for the i
motion m: - e been de:ec
?r_c;n(*'lils dire olanndd for -
1

1¢se orelmmary conclusions.

Another form of measurempent is Very j’,ong-
Baseline ln'l('1']‘01'()1110[1'\'. In 1976 NASA usc@ this
method to measure the distance between, large

Pacific Pla -,g-long-tcrm obscrva-
time, tectonic plate
-, Additional meas-

f’;]ll‘ofﬁ197&to verify

o

. ~ ¥
~ .

7

<

]
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- theb

- mrear Canberra, Australia. tmmlk.lrc&bc«
4T onstructed-in <Japan, lmncc West. Oergany
.and the Soviet Unlon When complctcd thns \chkl)

' clnssnmj QStF

= : IS involved. in'is lhc expe

’ thnt
| $ i _

L v EE
“radio astronomy antenras in

. pol.u metion, and

Xx - LR S
K&oslon and Californi: L
with a repeatable accu: riaes of +10 centimeters, {'n
T977, moBile lascrs were (lcployed at lhcsc sites alldr
a third .mtcryn site«in C ulfoy;m to clos& "@11).110
asurecments from-spteifite laser l.mr'n\g with’
hose from lnlcrfcnomeln Analysis is-expected 1o
ionﬁr‘n thesabsolute accuracy of both seis of dis-
tance me.n%urcmcnls - 3
Another mse of laser™r# ing cmplon the*Moon’
as target. Iun(ﬂr laser rangihg datMare being as-
qunred by the” McDonald Obscrv*u'ol) in "Lexis;-
the Hagdeakala Ql)sCl\’-llOl} in H.n vadl; an¥ a station
Simi

stations wilb be able,to obségve’

(Llstgbutcd group
iations m the E: lrth S nomllon

rate with' mitch, gﬁz“l
through’ the Internati

omnc.ﬂ
Another for m of E: ulh s

al L.mtucl(, Service us‘mg
thods. *
~asurement that N‘\S \
lcht, a
 the Nitional Geodetic Sw . to-at.empt 10 resolve
dxscrcpmcy in the meas..-ement of sea ]C\C] 9n"
the. P1c1_ﬁc coast, as deterdined by (omcnuoml
‘land -and ‘ocean tcchmqu A molnlc nucnfcxom

etry. unit, the Geos 3 sateli:te, and Doppler s.ncllnc ‘

king have been uxul 16 acquir¢ a sct o dan
are I)cnng .m.tlylc(l by lhc Sul\cy

S OceanvCondition Monitoring a-d Forecastin

In monitoring. and forecast: 1g ocean conditions. | -

satellite dfta are used for uncerstanding and fore-
mslmg the marine environmeat, developing ocean
‘sensing tcchnlqucs and -valuating the bcncﬁts of
ocean satellite data. !

-Data from Geos 3 con:inucd to bé 1se(l (lunng
1977 lo refine nodels of the i Farth's gravity field:

.+ more precise* definition of th - slnpc . he gc?)l(f
“is needed o track occan cir alation f-: ures stich
as the Gulf Stream and to o the st 'te . wave
heights) in the North Aiiar. . The .+ orecise

definition of the ocean geoic. =ch im-
proved correlation’ wxlh subsirace tecton:  ieatures
such- as ridges, ,c_sc.lrpmcms. and treaches. The

Geos- 3 radar altimeter has also demonstrated

as led to

-limited, capability for mapping-+over land and ice.

" The promisin'g new technology for ocean mon-
itoring is the Seasat-A satellite,  scheduled. fot
, launch’ in. May 1978, A Secasat (lcmonslr"mon pro-
~gram got under way in 14 7 at the request of ‘com-"
mercial uscrs to validate cconomic benefits. A series

of two-year experiments will be conducted in sev: -

~ eral areas of ocean commerce, including offshone

oil'and gas c‘cplomllon, marine fisheries, and nyari-
‘time safety. To sgRport thcsc experiments,” the uscn ‘

-

-

£
-

’
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Caccagicy ham s attainable,

: _1!3( lc(lliegl_ot_ ’

- when heu

<5

N = %
’ - " - u‘~ ’ o,
pian to evote $20 milli®n - orth olcapital equip-

m ot ;m'i St nlillion in o}):'riliing' and la@rsonncL
Ceavenses. ' _
‘Lll)l)ll]g ol oce: m bottopn: xppo&x.gphy in (lel al

re _tons o d Qy(uon of -ocean-surfyee pollutants *has .

be 1 dee experimentally by the ‘Airborne” Ocean-
O;zr;xph Il(l.u which uses sunnlng\mel beua
in cith )2 b.l}h‘)mcuu or fluoro-sensing modc
D::a fr o the Ndar .uc being” used’ by, DoD’s De- .
fense M apping .md NOI\AS N.monnl‘\

r,cnc
- Qceanie Survey [0/72 (gxo instrument Sl)C‘(_th.l ons-
for an operational airBorne bithyifietric m.tppmg/\

systen. Lhe C\pcmncnl.ll data indicate: that high-
(lu.lht\ l).uhymcln( maps can’ “be' ploduccd qlncLl)
and C(ononu(dll) with this lCChnlﬂUL

Mater m/s PI’CEJ.\‘HIQ in S{)ace .

Work’ in LQJ?' on matcrials progessing in ‘sp"lcc
,whas moslly prepdrdtery lor the extended; series pf
cxpm'mcnix lh.ll will ibegin wnlh/t'he 'Sp"lcc Shut:

-

.llc flwhta . PR

Two  short-duration  rocket - ﬂights
less . pl()(cssn}g of inaterials in. space. In.one of.
these systems, clccnom.tgncuc ficlds simultahcously
"hold muterials in plncc without. physieal contact
_gnd heat the m.nen.nl& In the ather syslcm station-

©ooary soun(l waves in an’ .mploprmlc g"ls-:lpp]y posn-

tioning © rces on the 1. - riuls; ‘this positioning
fe.llm" fcstcd on its s fllght anichmeans fer
sampi. 1 ting will be tested later, olh_l. systems

- materials that cannot be kcpt pure
«d in comtainers; experiments will’ also
- be 1 ssibie with new glasses that could be con-

will proc

“wverte inte unwnntcd cryst dline foims lf_‘melted
In ‘cortict with fonexgn materials. 5 I .
. Electrics. se'p"lr.mon of different types of hvmg

LC“ WS tcslcd in sp,mc oa the Apollo-Soyuz flight
in 1975 with encouraging results but further prog

ress . b 1 slowed beca se ther was at that time
no cf ier means of rapide measurement of the
niotic different cells in an electric. field. A
gi'omt aased systemn o measure such motion was
desigr: «1 and constructed in 1977, m making it pos-
sible "o ]lC(ll(‘I the results of separation runs in
_space. [t is also expected to have significant ap-

pllcmom in general medical and l)lologlml re- -
search.

< fligats was mi ide and produced a ‘total of 120, re-
spenses. . A first group of:. 14 investigations was
sclected for flight on éarly missions and another 19
ln(ﬂ('(ls were marked for further development
prior to selccuon 'dccmons The general objectives

g, ! | r\:. -

lhm\ )cm '
- marked the fir st Hights ol two systcms for coritainer-

The, first solicitation for proposnls of mater ials -
_investigations “to be. performed on Space ‘Shuttle

.

of the materials expcnmcnts on the” c111y 'Shuttlc ’

1.7'

’

.

i



v work. Sub]ects of space invest
) crystal growth from solutlo [
hases; praduction of spem‘tlngd omposxte nfate- . sphere.e Thesc pton(lc mfgrm(ttlon

e
.
-

ot

gagenctes“ in, ;implemcntmg the plan, N/

&

iy 'v‘._technology afid “m

.J_" ’&1

Y. Lo T
. ) "
missions, 4vill be to develop undergt andmg of f}_m-
damental processes*nd propertics of materials and
to demo‘hstra,te the value of 5pac' fof matcrials

B;Eatt ns Aill include
1§ epd vapor .,

rials; containerlesy gliss processing;» fznd synthcuy

of largesize }atex parttcle& that-are umforq] in size. ’

=P
/—/P

_ ‘SEience’
- g "* ~
Study of tbe Eartb’ l’/pp,gr Atzzospbere . _‘ ,
The ¢ n’lpkéhe‘hsxve plan that- was draffed in
1976 to\a?evelop a solid bod of Lnowledge-bn"’thc
emistry,-,and -gr er processes of e
sphere was e nsnvely revlcwed by the
-techinical cdmmugiities?a stra sphehic™
research+ advisory committee, | and other 'Federal
SA has..
emlmrked on -a broad- based program of & research.
itofing cm r1cmg ovet 120

&
. -

ERS

" tasks. To shﬁrpen he focus of the. program, a°

_the ozone—and specrfymg what measiiremen

Q

E

Aruitoxt provided by Eic:

-lmportancq of man-made ni
‘compounds as compared to chlorine 'oxide (ClO\)

RIC

strategy has been dévised. with the guidance ahd .
assistance of tlre ‘tdvxsorfcommlttee, ‘clearly stating
the key scientific _questions and pr‘oblems that now
limit understandmg of the stt.ltosphexe—espccmll
%c

required to answer those questions and _how be
to obtain thém.’ : :

As part of the study of the llppel atmosphClC, Kt
combination of Jfeld measurements, theoretical cal-
culations, and. laboratory measurements have in the .
past. year changed the understtmdmg of the relative

rogen: oxide,. (NO,)

LS

<

compounds in, the destruction of ‘pzone. ClO, ds
now thought.to be a major contributor to the de-

“struction- of odd oxy&en (mcludmg ozone) in the,,

ipper atrnosphere. -
Six balloomr profile me.t‘tements of chlorine
(Cl) and chlorine monoxide (ClO) havé indicated

- that the amount of ClO in the stratospherc is

highly variablé. Other measurements have given
readmgs sxmultaneously of the amounts of the
oxygen rfldlcal’ OH, nitric oXide (NO), oxygen -
(O), ozone (O,), Cl.and ClO. Latitude and alti-
tude distributions of nitrous oxide (N,0) and the
chlorofluoromethanes F;{l -and- F-12 were also

-measured. The findings were that concentrations

of each of these latter- species drop off rapidly above
12, kilometers altitude at htltudcs greater than
about -30°. No mtedtemtspherxc differences were
observed for concentration distributions of N.O

(=19, . For F-IT"and F-12, only small differences ¢

of 10_ 90 ‘were “observed, ,mdtcatmg [h’lt the

N . PR .
\
’
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\" stu(l)- thégefta
‘ s‘tmtosphet Ic phcnomcn.t

’ chcml(.tl modcls

T RO .
'world'htz)t:tl 'atmospherc is mixing morc qunckl)
and cfficientky than was prédicted. -
SrI‘Loth spéctloseapic and Rlter-ollect
nﬁ'nts.’vhd\c heen obtnncd3 o hydr
J(HC1) and Jiydregen fluoride (HF)

~ -

: c1suxc/
en “chlor ide
in thc strato-
|bo,ut nafural
and man- m.tdc ontribu lon}to rea tuc ,-ies in
‘;hc upper atmosphu.c &. .

Backscattered ulgraviol mclsut.ements of- ozon;
cwere obtdined - by -the Atmospherjc Explorer-E
- satellite until March 1977. When combined with

3
xcc(tlculttte(l data fﬂom_thc Nimbus® s1tcl'rtcs these
mghasurements should. compnsc the most complete
datig stt for globﬁl azone yet available. - 7

In the confmqmg }cffoxt to ,improve (thcoxcttml
modcls such modcls were (_xp.mdcd td' incor porate,
n.ldmtnc feedbad 'mpcrfttutc ‘feedbagk, scatter-
m;,\ and. athedo [Eects‘ The diurnal effects. on
ozone dcplctlon are hcm;,)anstlg‘ttcd in.some de-

ail, and werk is under-way.to, ifitggrate chclmlstt;
C\tstmg gcnct.l cnﬁl.ttlon ‘models and to:
d unpott'ln(c of ‘tetoso}ﬂs on

¢

. Measurements of new lC.lCM(?n x.ttcs I)ctwccn im-
portant minor species in the HO,, G l()“v I\O‘, and
O, families, plus extension, of existing rates to

xtl.ttosphcnc temper |tl\tc and - -pressuré conditions

have (ontmucd to improve data for the - photo-
A corﬁp}etc list of reaction rates -
has been compiled for all known atmospheric 107
.lctlons' of lmportancc 4 oy
i In .mcssmg man-made cffects, the predictions on
dcplctlon of ozone by Space@blfuttle flights have
been incorporated intg & drait environmental im-,
pact statement and an ‘aircraft assessment has.been
provided to. the Federal Avtatlon Administration.
Congtess, théregulatory agencics, %ind the National

* Science Foungation. Assuming 60 Shuttle: flights

.persyear.. the Todel ;.llculatlons ‘predict that the
mean @zone concentrations in’ the northern hei-

' sphere will be reduced by .abqut 0.25 percent with
- .an. ancertainty-factor* of two. Most. of this reduc-

‘tion is produced by chlorine compounds in_the
K:mttlc exhaust. After replacement of the pxescnt
cl with a non ?ﬂonnc producmg fucl. the ozone
‘ll}Cl would retufni to normal in about fife years.
Neiw calculations “hay been completed on the
ozone redyctions that wbould be -caused by con-

. tinued chlorofluoromethane (CFM) releases at, the

1975 rate. The National Ac’ldcm) of. Sciences has

¢

»/

Cm

~

3

defined errvor limits from uncertainties in cltemrs- o

'try transport, and the relcase rates. When these
“error limits are .q)pltcd thg prediction of ozone

: ',e(lu.q;on becomes 1 percent to 30 percent. In “the

case the CFﬂIs. unlike the case of the Shuttle
cffliients, the réturn: to,an unperturbed 6zone level
is prcdlctcd to thuuc many years ])Cc’lusc of th¢

4 :
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Ms u ward' into t str o-
sphere: L E hvc E\“
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- |rr1cs i spcc;.nl cororngra

It is“rfow well knovﬁ,that cértain effects in the Vs

storms dnd

Farth's upper atmesphere—n 2&‘
shont:w.nc fadeouts, Yor exampl associated

with variations in the output of th@ p.lrtlcle and fop

P
ultmvnolct light’ fluxes_{rom thc Sun. NASA at-
Jtempts’t to understand hop’ chdngcs in solar cmxrofl
ment zlffcct the IZ.nt and, if possible, pred_xct the

. the Orbmng Sojai” Observatory 8 (OSO 8) com;
" bined continuatidn of* established observnxon pro-

grams with a gatch onthe new solar activity mark-
ing the begirining of ‘the new s&)lm, cycle. Among

ls,ho“ ed scvere di

the programs ilready_under way 1s the study of the .

newly discoyered downflow circulation patterns
the solar atmosphere. This may. be, important

B

/undusmndmg the energy or mass transport into

the solar coréoma” and hence in the gcner"mon of
the solar wind.’ }he stud.y of new actlvny includes

o ol)scrvauons of tiny " nl.lgneug regions which un-.

o

Q

ERIC

Aruitoxt provided by Eic:

. dergo flave-like bughtenmg within hours after

emerging throtigh the Sun's syrface. Study of these
simple features may pxovnde new msnght into com-

-plex. flares in older. active reglons in which ex-

plosnc%ursts of massand energy can be expelted |
toward the Earth. Another new feature was de-
tected by a soft: x-ray -tclescope flown on two dif-
ferent soundmg rockets in con]uncuon with the

. recent frinimum of »solar activity. The tclcscopc
“fdund that the numbcr of x-ray bright points as

solar minimum was double the number observed
dunng theSkylab mission. Since such bnght points
are a diréct measare of magnetic flux, these ob-
servations suggest. that . more magnetic ficlds are

,emerging at solar minimum than when Skylab first

discovered them, near the middle of the solar cycl’c
This evidence may have onsiderable effect on our ,
undcrsmndmg of the nature of the soLlr cycle it-
self. :

The next stage of solar- mvcstigdtion will in-’
volve phe Solar Maximum Mission (SMM) . It will.
prox%c temporal , and sp.mal high-resolution. ob-
servidtions-of solar flares m those gamma-ray, x-ray,
and ‘extreme-ultraviolet” wavelengths where solar
flares release most of their radiative energy. These -

Faxths upper a mosphcxe and therefore are most

- dikely’ lo causc 1tmosphcnc cffects. Also thc SMMI .

P - ’
.0 /)

“wavelengths . 2 are - also the. ones’ absorbed by the *

. -

2 ~ ‘ "

L AN
capable & detecting
m.m gjections as thgy leaye the Sun on their joyr-
_ ney toward* Eartlt. Both the spatecraft And the ex-
~periments are on schcdule for lau{ch Ji ’bctober-

1979. ’ )
Qtud,y of the .Séla; Wind=~An analysns finished n

1 77 showed the first v@ible gvidence of tHe pas- .

sfige of a high- spccd solar wind stream th*bugh
interplanectary sp"lce This Bq:urred when, the ion
Kohoutek being observed\by ‘NASA's.

tait™of con&;t
(omdt"uy Csegreh Qbsérvuory/lh New Mexicb) .

Ltioits ofters .m} unp: pafalicled opportunityfor the
stugly of the ongm of solar wihd streams and*then

+ “their pr op.lg"mon fn,ag area of space Wthh so far

l)ecn little studieds -
Study of the Selay Effects near the Eart

-

»

.

ons 35 a result O(f mte;acq.on -

.
.

2

occurrcrice . of solar phenomena that shape. and ¢ ‘\,l[‘hﬂ hlgh speed w&nd stréam from a solpe corofial.
control the changmg space_gfivironment of the, hole (obscrved By so(m telcsco{ﬁes on Skylab and
* gEarth, This entails stydy. of S{;l]n itsglf, thix solar, mq.mucd')m situ by I'mcrphnﬂMW"N omtormg L
wn;d, aud, the eﬁec}ts e the Earth's magncu% ﬁdd Platform 8). Tfuv‘samc wind: Stream several days’
LARE UPper atmospher b ) later gaksed n gpverc geoma !
e ; , Nola : g gneuc storm in the
Study of the Sun. Iz its thir})e‘n of opel atioy, vncm;%(;’f thie Eamh. The unique:scries of observa.

——

Thc_.

two Intcrn:momf“ Sun-Earth Exploter s1tcl.lltes_‘
launched in Octobc;,\l‘)77 ifto. looping trajectorics

around the Earth mark both a high dégree of in-
_ternational coopcmuon and the first time two satel-
‘lites were designed to be used together td study the
Earth's unmcdmte space* environment. With onc
satcllite ‘m.m.lge(l by-NASA and the other by the
Plnop an Sp"lcc Agency and with' Eurdp'ean and
uUs. e\pcr;mems n each, ISEE 1 and 2 will be
investigating the”1interaction of the solar particle
“flux “(solag wind) with the Earth's magnetosphere.
With th(fn

distance fromcach other, they can separate spatial
plasma styuctures ¥rom the complex. temporai ef-

‘fects caused. by the impact of the solar Jvmd on the -

magnetic field of .the Earth. ISEE-C +will be
launched in 1978 and posmoned hrther out where
it can _measurg, the free-flowing solar. wind and
spccml solar events, such as- flares, about an hour
before the particles reach ISEE 1 and 2. With this
kind of triangulation, the total set of data will offer
a much;, more-complete description of the complex
mtcn.«(c?lons than has been possnblc yintil now. And

Ir simiilar instrumentation and variable®

when the Solar Maximum MlSSlon 1s‘m orbit, the -

three ISEEs w1]l join the SMM in co*mplemenmry'
studies of solar’flires, the disturbances they cause
in the solar wind, and the cffects of these disturb-
ances in the magnctosphcrc

Study of the Moon zmd Planets

The M()on and M(’t( mztcs Stlidies of the Moon

and meteorites continué tH unveil new,

unique -in-.

formation about the origin and carly history of .

“ . ’ N s,

19
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., - the soln-s)stcm chcm yalysgs of lunar- rocks
- and of meetcorites hav¥ pxo ek the follow#ng dis-
= (Ox'erxqs . '

(/ A]]enddmctcogc may
rjals that C\ust *d before” the sol Ir system wasv

’§ “the'Suns

b

ERI

Aruitoxt provided by Eic:

" magnetic ficld m the far past ‘(4 te

“tovery of the year-was the rings around the

I’ tm) platinum-be:

be- mtcxstc]hx nyate-

formed - . P e » RS

orites indicates that mdxoncu‘(e aluminum-2
avas present wiign «he n\l’etcontq‘s_ forme(l this
nd‘lo.lcm'ny ‘may have provided ~the ' heat

© needed Tor the wxdmpxcnd early me]ung that
-pccurred on fh Moon “and plafets . ‘
~e recently, o d cores ofs”lunii- soil” arc pro-

“widing Hrrct mC‘lsmcxf\ents\q/the history, of

.1Ltnn) for- lehdpS a l)l]hon ygars

L oe khou ht.

Studies of* th(: \Ioon also continue to pxowdc

new models for lhc Jnajor processes that affect the

terrestrial -planets—carly- melting, meteorit¢ bom-

bardments, widespread  volcanic -eruptions, and
pl.mct.nry magnetic ficlds. )Fox example, recent in-

vesugmom indicate that the Moon had a strong
5 billion years
ago) .when it was hot and volcanically active »but
that-this. ficld gradually disappeared as «the Moon,

_cooled. This xc]:monshxp I)CZWCCH thermal history

and plmctmy m.lgne}nm 1 offer betfer under-

_ st‘mdmg of other pl.u‘)cm the Earth, with jts strong

magncnc ficld and continuous volcanism;

with its weak m; agnetic ﬁeld, and Mars, wi

cient volcapism and no mignetic field.-
ThesPlanets” The most sxgmﬁc’mt plnnc

Uranus. The rings were - detected* as being

umg p:mxdcs found in the -

~

the (ompe)slnon of lndgl](.‘blllll] m some ]1&[% -

.,,mcd

s N LI _ .

. : .
. ‘ . L 3 .
properties and chemistry, and the study of the .
moon Phobos. Massive dust storms: have -been ob-
seagonal variation in met_coro]ogy "MEAS—
a AI.n‘( quake dctcctcd mnnom in. at-
mosphcnc w.ltcx vapor me: wured; large arqoums of
water dlsco.\crul at the noxth Jpole; and’ nltrog@n
-kryptonyand Xgnon gases Tound m\thc -atmospherc,
Thc moon Phobos is mucly less dense than Mars,
indicating that thc moon pxob'ibl'y lS a npturcq
_body.~ .
*The hxo]o[,),&md organic chemmfy umlumems.

ser vcd

...

€ on the Viking anders ha»v‘r complgred theii useful.

g is.or is not cvidence.of life” on Mars. Thc final re- b\ ‘

»

© that thé xolcmx/bmoxy of the -Moon xﬁlc :
. ,(omplc.\ m it (.hcnnsny than  pre#dusly

' VO\’A.(TR
successfully

cause of an uncxpcctcd gap in the obscrvation of

Hre—occultation of :
Uraiius. The dxscoxcx) was verified by observatians

“made: mth. several ground-based telescopes nnd

I\ ASA” s l\mpm Airborne Obscxvnoxy, a2 C-141 air-
_craft méummg a 90-centimeter telescope. The ‘ex-
istence’ of rmp around Uranus=a phcnomcnon
- hitherto known only.in‘the case of Satmn—wns an’
m1p01 tanf “and complctclv unexpected discovery: °
~VkinNe: Missions. The four Viking sp”lcccmft

moderately brighg, star by .

(mo or lmcn and’ two hndorq) continiied to op- -
. crate nor mally and rc(juncd science data from the
plnnct \f.ns .\II]OI dxsc()\cncs have beén made in -

atmosphcnc composmon mctcgiology, mrfacc
. ‘ « .
20 ' )
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hfc Results from
tantalize Scientists;

ot m.ljox xmpox'ﬂncc in_ the datt is wf‘cth;:‘r thére

space as “they cruise: thlough the ouiter Solar system.
The spacecraft made successtul ﬂ)bys of Jupiter .in
1973. and 1974, after which 10 moved out tow11d
ln'{expl mctary space and 11 used ]upxt@ S gr’u'lr}
to swing onto a trajectory that will encounter Sa-
turn i September 1979, . S,

Two Voy: ager sp.lfccmf[ w (:Whed
by Titan- (‘cntlm boosters m Ken-'_
nedy Space Center on  August 20 and Scptcmbm 5,
1977. Both sp.l(uxlft are operating normally as
they cruisc toward the planets Jupiter and then
Saturn, Scientific observations of the former will
- begin in December 1978; Voyager 1's closest ap-
proach to Jupiter will-occur on, March 5, 1979.
\"(')v:ngcl' 2ison a sli\gltly slower n:ljcctory, it will
l)cgm science obscrvations of Jupiter in. April 1979
and its closest approach will be on July 9, 1979.
‘Both Spacecr: aft will use Jupiter's grlvn"monnl field
to swing around toward Saturn, .mxvmg in 1980—
1981, After_that encounter, Voyager' 2/may be de-
" flected into a1 four- -year ﬂxght to the pl.’ln’et Uranus.

PIONEER VENUS,
questions: about Venus is why a planet that is so
much like Earth in many rcspects -has an atmos-

phczc that is vmly different. The "pr;mmy ob&cc- -

tive of the Pioneer Venus mission is to_study*the
Venusian  atmosphere. Two spncccr”lft ~wxll be
launched: a Multiprobe—a bus with -four atmos-

phcric entry probes—in August 1978, ard an Or-
biter in May 1978. Both spacccraft will argive at
Venus in Deceraber 1978, The probes will enter

-the Venusian ntmosphcxc ,lt the same tlmc but nt~_
- widely separ: ated poxim

GALILEO. Bcgun in” l‘)7-7 the Gatileo mmxon-'

.wxl] ~comxst of an_erftry probe that - wx]l m'ikﬂ.._,'

2 o s .

Leet

tl&sc investigations confinuc to .
Ttense study and laboratory - -
: expeplment;mon are nymg to 'urfravel~ the pll’27le\ (

One- of the most chnllengmg

°

K

.\‘,'.

- into the past - LA
.o the U, S; Rs \loqunplcs M by Luna__ stilts ‘will affect undm smndmg of the ongm of 'hfa
24 and _provided to NASA und€r the terms of "3 on Egrth. 2 A .';‘
; the ]omt cxch#ﬂ:;c agrcement, ares gy chen@® ¢ PloNERs 10° AN}) k1. Pxoneers 10\ aftd 11" coh-
. ally umquc type of .volcanic lava. 'Ihcy show tinued- tg- pxondc valuable dat on mtcxplnnetmy- .
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dlrect measurements -in ]upltm $ .llmospl ¢ and,
an orbiter that will orbit for over a year, studying
Jupiter; its satellites, and its magnetosphere.* The
Federal Republic of Germany, by .cooperative
agreentent .with NASA, will provide the orbiter
retroplopulsno'n systcm and two of the experiments. -
The Galileo mission ‘avill be -Launched by the

Ed &huttlc/lncrn.ll Up]zm Stage in ].lnuuy 108”

g,

Q

ERIC

Aruitoxt provided by Eic:

.

A}

Studies of the Univérse ST

“NASA’s research in dsuophysncs s pomlcd to-

*.ward the solution of -such fundamental quosuom -

as: Wh{l[ is the origin of thc Universe? What is the
orlgm of the_clements of which. the
"human bodlcs are_ constructed? Wlmt hlgh cnugy

proccsses occur: m Sp'lCC. T ' ~

~The - tools used in sich rese: irch are satellites
ylth dlffermg_:lssortments of spgcmlncd instru-
‘ments; ground-based telescopes: and, the spcu.lll)
nstrumented spundmg-ftfckets b1lloons. and' an-
craft that can fly high engugh to escape most of the

«filtering of eleetromagnet{g encrgy by. thc Eartly's -

atmosphere. s S .

' High Energy Astronomy Observatory: A major
event in astronautical research was the suécessful
launch on August 12, 1977, of the High Encrgy
Astronomy Observatory 1 (HEAO 1. The sp.lcc-
craft was boosted by an .Atlas-Centaur rocket into
a nearly circular, low-altitude, low-inclinition orhit

which will minimize the radiation background for:

the experiments. The large‘St Earth-orbiting un-
manned scientific spacecraft ever to be launched,
HEAO 1 is the first in a series of three.of its kignd,
designed - to- make _significant contributions .to
knowledge in the disciplines of x- ray and gamma-
ray astronomy, as well as cosmic-ray research.
"HEAO-B and C arc’ scheduled for launch in 1978
and 1979. . ° :

Data from these satellites are expected to pro:
vide valuable information on the nature of some
of the most recently discovered and mos&mystenous

~ objects in the Unjverse; including pulsars, quasars,

and, possnbly, black holes. From such information
could come better. understanding of high-encrgy
processes in ,the »Uniyerse and new theories of
energy production by thesc objects.

All fgur experiments on HEAO 1 were operating
and returning useful scientific data. During the
first month.of operation, a rare, transient x-ray -
nova was observed along with other soutces in the
scanned regions.. Within days ‘this previously un-

. seen yource became one of the br1ghtc§t objects in

-

the ‘x-ray sky. HFAO I's observations' are being
analyzed by the investigators and severa] scientific

papers_have already been submitted for publlca-~

tion. The spaCecra(t spent the first three months in

kS ,

, among «the proposils submitted By the scientific

LY

. orbit in '| celestial scmmng mode, rotating slowly.

and mlppmg the sky for x-rny and lew-ecnergy
gammaray sources;. the next three months would
he devoted o pinpoint observations of scientific-
ally interesting” x-ray sources. The " four
ments, developed by six universities and Feder: al
agenicies, pnovndc Lomplcmcntn) data on the de-
tected “sources in ,terms of lbcation, S])LCU.I .m(l
time variations.

Space Telescope. After several )eus of,study and

refinement, the Space Telescope was .lppxmcd as:

a rtew start ip NASA's FY 1978 hudget. It is con-

~ceived as a long-term program that will provide
.-.gapability in astronomy not achievable by any cur-
Earth ‘and _ fren¢ or foresecable ground-based telescope. - The

Sp"lcc Tclescopé 1s a high-resolution, 2.4-meter in-
strument which, when placed in orbit in late 1983,
will be able to observe objects at much greater dis-
tances in the Universe than ¢an be reached by any
ground-based tclcsmpe It will differ from othcn
“unmanned - satellites in ‘that its design will - -permit
in-orbit muntcnmco and repair by. astronauts or
pick-up by the Space’Shuttle and return to Earth
for refurbishment and rélaunch. Any of the focal-
plane instruments can , ha '-{gpllm(l in either of

these situations, encouragiig tipdating of the in--

strumentation ‘and’ the broadest use of the Sp"lcc
Te]cscopc to meet, scicntific requirements arising

over its lifetime, “which is C\pcctcd to exceed a

-.decade.

Contractors have been selected and contracts

cawarded for the detailed (lé’sign and fabrication of
the -telescope and supporting systems. The first set’

of focal-plane instruments has been selected from

community; The Fmopc.m Space Agency hat
agrced to pntxcnplte in the program by providing
one of the sckntific mstlumcnts—t}]c Faint'Object
.caméra—as well as the solar array, that will power
the telescope system and personnel to’ nnn science
opcr.mom

E\plmm Satellites. Exploncn satellites are rela-
tively low-cost payloads designed td explore new
ficlds of scientific rescarch, some of them targets

of opportunity genecrated by inconclusive data

from other satellites. In January '1978 the Interna-

_ tional* Ultraviolet Fxploner will be launched into
2 modified geosynchrdnous orbit to provide data
on sources cimitting energy in the uleraviolet por- ‘
tion of the spectrum; it will be: very important in -

designifig instruments and opcr.monnl techniques .
for the) Space Telescope: The IUE is another in-

- ternatibnil space venture; the United Kingdom
.and the European Space- Agency are contributing

essential hardware and the operations and satellite
observations will ‘be conducted from onc ground
station in the U.S. and another in _Emope. The

experi-

°
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- well as on

“'geosynchronous orbit ‘will enable observationsg by
guest observers at each of the ground stations in
a4 manner similar to that in ground-hased optical
.observatories. . : o

. Arother international Explorer, the Infraved

Astronomical Satellite, was begun. in 1977 for ~

launch in 1981. Tht U.S., the Netherlands, and the
United_ Kingdont have designed this satellite to
survey the infrared sky with a “first of ies Kind"
-cryogenically cooled telescope and focal-plane de-
- tectors. It should open up the infrared sky as did

earlier Explorers in the x-ray part-of the electro-

magnetic spectrum, .

Of other Explorers designed to study selecy por-

. tions of the Universe, one that is still -operating
successfully is the Small Astrohomy Observatory 3,
which contimies to provide unique data on\@ccnt-

ly discovered x-ray burst sources. Arf" Explorer in

the advanced study stage is the Cosmic Bickground

Explorer, which could provide the first careful ex-
amination of radiation believed to be left over
from the earliest stages of .the expansion of the
Universe: )

Orbiting 24stronomical Observatories. OAO 3,
named Copernicus, is’ stil operating successfully.
The unanticipated long life of this satellite has
provided a rich scientific ‘harvest, with more than
200 scientific papers published in the field of ultra-
violet astronomy. -

Suborbital Vehicles. ‘Sounding rockets, balloons,

; }ace Shauttle

and aircraft ‘continued to make their contributions

to the development of techriology and to the M-
. Vancement of science. .For example, one NASA
sounding rocket flight, ?ui]ding on earlier observa:
tions, offered new indights into the nature- of
-V quasars; also it indirectly suggested that the Uni-
verse is finite in’size. In the NASA balloon pro-
gram, one flight car_riecf aloft the prototype of a
- new, highly efficient cosmic ray detector. The air-
borne astronomy program has already been men-
tioned with the Kuiper Airborne Observatory' con-
firming the discovery of rings around the ‘planet
Uranus. - e

\ . /

Study of leé Sciences '

U.S. Experiments on Soviet Spacecraft. Cosmos
"836 flew 7 U.S. biological experiments. The 19-day
- flight ended on August 22, 1977, and the U.S. ex-
periments were received at NASA’s Ames Research
- Center on September 25, 1977. Experiments. in-
cluded investigations with laboratory rats on_the
effects of weightlessness and' normal gravity on the
~ life span of red blood cells, on liver enzyme ac-

v

tivity, on-bone growth, and on muscle changes; as

k|
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osages from high-energy particles and

b

LY o
investigation by electron microscope of the genetics
and aging offruit flies in zero gravity.
bl :

AR

-

Space Transportation

All operations i_n space, manned or unmanned,
depeitd on some means of space transportatiop, -
Since the beginning of the Space age, transporta-’
tion has involved’ expensive, expendable “launch
vehicles. For six years a new Space Transportation
System has been in stages of design, development,
and testing. Pacing this effort is the Space Shuttle,
“which, for the first time in the brief history of space
exploration will be a space vchicle that is recover-
able and reusable. The Space Shuttle is augmented
by other components, developed and funded by
other organizations: Spacelab, by the European
Space Agency; the Inertial Upper Stage, by the
Department of Defense; the, Spinning  Upper
Stages, by private industry. . -

a

The Space Shuttle is the keystone -of the Space

- Transportation System, which will Degin providing

frequent access to low Earth orbit in the 1980s. The
~world’s first reusable. spacecraft, the Shuttle will
offer cost savings and unique mission capabilities.
Satellites can be serviced or repaired in orbit, or

.. returned to Earth for refurbishment; scientific

laboratories can be orbited and returned to Earth
for examination. A crew of as many as seven per-
sons can orbit in thé -Shuttle, exposed to much
lower acceleration than on previous manned space
systems, and can work in shirtsleeves in normal
atmospheric pressure.- Journey. into space, for.both
. people and pauoad's, should become routine. and
eliminate~the need for costly expendable launch
vehicles. T
Development of the Shuttle is now far advanced,
on schedule for the start of the orbital flight tests
in 1979." Major milestones achicved in 1977 in--
cluded successful completion of the approach and -
landing flight tests, the first firing of the solid -
rocket motor, delivery of the first external fuel
tank, and ‘firing of the main engine for over five
minutes #t the rated power level. - - .
Shuttle Orbiter. The orbiter's approach and
landing “tests were conducted at-Dryden Flight
Research Center, Califorma. Captive flights atop
747 carrigr aircraft were conducted fitst and fol-
lowed by free flights and landings of the orbiter,
“vérifying its aerodynamic flight characteristics. This

- first orbiter, named the Enterprise, will be flown

~on the 747 to Marshall Space Flight Center in
Alabama for use in full-scale vibration testing. The

12
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second orbiter, which will be the first one to orbit
the-Earth, is now being assembled at the Rock-

_ well-International Space Division pllnl in Paln-

dale, California. After a final checkont, it will be
ferried atop ‘the 747 in late ]‘)/H to the Kennedy
Space Center, Florida, to plcp.nc for the orbital
flight tests in 1979. ‘

The orbiter main plo]mlslon test structnre was
complclcd in june 1977 and slnppul -to the Na-
tional Space - Technology I.a boratory.*in Missis-
sippi. It will be ]omul to an external fuel tank
and three main engines for the main propulslop
test. Also a structural-test version of the orbiter is
now being completed at Palmdile. It will be noved
to Lockheed’s Palmdale plant for full-scale struc-

tural tests in 1978, Problems with avionics sofl-

ware and pxodncllon of the C\lcrn.ll tiles plow(l
ing thermal protection have l.lrgcly been solved.
Main Engine. Three main engines are clnslcncd
to the aft section of the. orbiter. They are the
major technological advance-over previons systems;
as snch, lhcy have had technical problems. The
basic requirement for a very:long-lifetime rensable
engine was a-new frontier for rocket cngmcs, to
this was added a requirement for a large increasc
in operating pressire to prpvide a substantially
higher thrust-to; weighl ratio than cxisted in previ-
ous systems. The main enging problems are mostly
in the high-pressure tirbo mnclnnm) Many prob-

.lcms have been resolved and|testing continnes. All
(ompo.ncnls have now been tested at the. rated.

power level and all except the-flight nozzle have

been taken to the fnll power level (109 percent of -

rated power). Despite some délays, engine tests
have accumnlated over 13,000 scconds of test time;
accelérated testing -is planned for 1978. allowing

- NASA to move with confidence into ml)ll.nl [light
tests.in 1979.

External iTank. This tank will Lonl71m in sepa-
rate compartments the lignid- hydlogcn fuel and
the liquid oxygen that drive the main engines.
Since this is the one expendable component of the
Space Shnttle, mannfacturing and assembly -of the
tank have emphasized standard, low-cost tech-

“niques. The first tank, assembled by the Martin
Marietta Corpomuon at 'NASA's Michoud Assem- " -

bly Facility in. Louisiana, was completed and
shippcd to the National Space chhnology Labor-
atgky in September 1977 for use in the main pro-
pulsion tests. Deliveries of structural test versions

of the lignid-hydrogen and liquid-oxygen tanks will

be completed carly in 1978; a ground, vibration
test article will also I+ '~livered ecarly in 1978 for
usc in the fullscale d-gronnd vibration test
prograin. ' '

Solid- Rocket Booster.
solid-rocket .booster aere in July 1977 and were

The first test firings of the .

pcl'l'()rn'l\cd on schednle by the Thiokol Cdrp-c.n'u-

tion at Wasatch, Utah: Drop tests of the booster’s
recovery parachutes were also performed, and de-
velopment of other systems proceeded on schedule.

Lawnch and Landing Facilitics. .Gonstruction of
Lnwch and landing facilities at the Kennedy Space
Center is on schedule. Facilities needed for the.
orbital flight tests include the orbiter landing fa-*

~cility; mate/demate device; orbiter processing fa-

cilities; hypergolic maintenance; booster retrieval,
disassembly, and parachute facility; and modifca-
tions to the Vehicle Assembly Building, Lannch
Pad 89A, and the mobile launcher. The computer-
ized lannch processing system is largely complete
and ground-support equipment is being installed.
Constrnction has begun on the second line of
ground processing stations needed for the Shnttle
operational phase. ‘

Spar(.'_’nb. Spagllmb is an orbital facility carried
within the car ay of the Shuttle; -its flexible
components off pressurized, shirt-sleeve labora-
tory (the module), an unpressurized platform ex-
posed to the spitce environment: (the pallet); and

standardized suppoxt services. Dcsxgned to be use(l

50 times over 10.years, each Spacelab can act. as
a short-stay space station that can remain in orbit
for 30 days, thongh the normal mission lasts 7 days.
Experiments can be opcrmed by as many as four
payload specnhsls ‘the intent, is to provide read)
access to space for a variety of. experimenters in
many fields and  from ny nations. Payload
weights will range from 5 to ‘9100 kilograms.
- The Fwopean Space Agency (ESA), in its agree-
ment with NASA, is responsible for the design, de-
\clo])menl and manufacture of the first flightennit.

an engoncering model, two sets. of glound—suppon -

equipment, and initial spares. The costs”to ESA
are- now estimated at about $575 million. NASA
1S 1espom|h]c for operations and devclopment of
connective items, such as the tunnel bétween the

Spacelab and lhc cabin of the Shuttle. NASA plans

to an at least one pxoductlon nnit of Gpncelab

lfl om I'SA "

In 197 Spacclab moved past the h.llfw.ly point

.m .lpplovcd desigms of components and systems,

with the remainder expected to be ready for thé
overall critical design_ review in Febrnary . 1978.
Manufactime of many components for the first
flight nnit has begun. Developmental tests are pro-

“ceeding well for dll subsystems, ‘with integration

begnn in. \pnl 1977. With- assembly and test
of the cngmccrmg model under way, delivery to

NASA is schednled in. mid-1979. The first ﬂlght
- it is scheduled to arrive at NASA in two incre-

ments, one in late 1979 and the other in -early
1980. The first Shuttle mission that inclydes Sp"tcc-
ab is-scheduled for December 1980.
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- In fulfilling NASA's obligation for ‘operational

support of the Spacelab, a contract was let in
March 1977 for Spacelab integration. The contract
provides for ‘the design, development, and fabrica-
tion of most of the Spacelab equipment that NASA

~ is responsible for, plus the system epgineering and

integration needed to provide an operational capa-
bility for:8pacelab. Also, in'September 1977 NASA
began work to modify the Operations and Check-
out building at the Kennedy Space Center so that
it can support preparations for launch of Space-
lab hardware. Construction shpuld be completed

in September 1978. . :

Inertial Upper Stage. The Inertial Upper Stage

-(IUS) (formerly the Interim Upper Stage) is de--

signed to-take Shuttle payloads out of’low-Earth
orbit and place them into orbits beyond the per-
formance curve of the Space Shuttle. The solid-
propellant IUS, with payload attached, will be
carried into orbit in the cargo bay of the Shuttle

cquipment, and the operational planuning are al-
most complete. . . .

In addition to planning NASA and DoD. mis-
sions, NASA has been negotiating launclt agree-
ments with such domestic and foreign commercial
organizations as Comsat, Western Union, and
Telesat/Canada to launch. communications satel-
lites. With these commitments anc¢ the govern-
ment’s own requirements, cargo manifests have
been developed for the first few.years of Shuttle
operations.. Shuttle flights are now fully hooked
for 1980-1981. . g

There has’been an intensive preparation for op-
crational flights, scheduled to begin in mid-1980.
4 user’s handbook has been published; user charge
policies have been issued, establishing firm fixed
prices for. DoD, civilian U.S. government, and com-

- “mercial users, including price ‘lists for both stand-

ard and optiorial services. All users are guaranteed
a firm fixed price during the early years of STS op-

orbiter, deployed, and the motor ignited. Two- eration,-subject only to adjustments for inflation. £
-~ and threestage versio_ns of the IUS will be avail- The objective is to encourage maximum use of the
able. Under developnrent by DoD, the IUS will he system by all “classes of users while ensuring that
used by both DoD and NASA, with NASA use  NASA recovers operating costs over a reasonable
confined primarily to missions requiring geosyn-- .period of time. Within that framework, special dis-
Cl’rQ"O"S or planetary OrPilS- Validation is es- counts- are offered users who are willing to share
sentially completed, and full-scale development is flights or to fly a “standby” basis. DoD will be

—t

“Upper Stage. Desi

expected to begin in‘ the first quarter of 1978
working toward an operational date in 1980,
Spinning Solid Upper Stages. Complementary to- -
the IUS, the spin-stabilized splid-propellant stage
will be used to inject payloads into gepsynchronous
orbits that are beyond the capability of the orbiter
but call for less ¢nergy than that of the Inertial
%{wd primarily for the small com-

“emercial payload, it will be carried into orbit by

)

“industry at fio cost to the government: one in the’

EOME
-«

S

“tion and solid pr

ﬂ'sght is planned for 1980. .

the orbiter,sspun up, and then deployed before .
ignition. The~inh t simplicity of spin stabiliza.---
ellant motor will ‘make forr -
easy, economical transition to the Space Shuttle
of payloads now using expendable launch vehicles.
Two configurations are being developed by privatce

Delta vehicle class, the ogher in the Centaur class,
As many as four of the former or two of the latter
can be accommaffated in -one Shuttle flight. First

-

. > )
Space Transportation System Operations. The

~Space Trahsportation System (STS), consisting of
the Space Shuttle, Spacelab, and an upper stage, is

intended ta provide routine, less. expensive access
to space for a wide variety. of payloads, including
those accompanied by their scientist operators.
With the Space Transportation System scheduled
to be in operation by 1980, the organizational
structure, development of the ground-support .,

24 - o

')thut might fit the format of a long-duration
¢ r

charged ‘less because thert will be an exchange of
launch and support services between thé NASA
facility at Kennedy Space Center and the Air Force
facility at Vandenberg Air Force Base in California.

Acting within the bilateral agreement signed in

May 1977 Dby- the U.S. and U.S.S.R. continuing .

space cooperation for another five. years, NASA
representatives met in Moscow in November with
Soviet technical people ‘to examine experiments
mission+featuring the U.S. Space Shuttle and t%\
Soviet Salyut space station. Representatives of the
two nations were to meet three more times in 1978
(in April, July, and O¢tober) to complete the’
evaluation of ‘experiménts and to develop a pro-
gram to be recommended to their governments for
consideration. '

Particularly encouraging has been the enthu- ,

siastic response from American industry, educa
tional institutions, and private individuals in re- -
sponse, to NASA's offer tg'ﬂy 'small, self-contained
payloads on a §pace-available basis \fpr $10,000 or.
less. By the end of 1977¢#tvance payments for more

“than 150 payloads had been received from industry,

educational institutions, and individuals specifying
their intentions to fly experiments on the Shuttle. .
It is hoped that many of these, experiments will
contain innovative ideas from small businesses and
individual researchers who for the first time will

A
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have the chance to test their ideas in the spice en-
vironment at a cost they can afford.’
Operations planning kept pace with the tech-
nical developments—technical and business mau-
agement, procedures for integrated opeérations, and
crew tr"umng Since NASA’s- astronaut corps was
not large enough to cope with the projected num-
bet of yearly Shuttle flights, NASA solicited applica-
tions for additional flight crew positions, including
the new mission specialist categories. More than
20,000 persons requested forms and more than 8000
.lppllc.mons were- received 'md processed for ﬁn'tl
.selection in 1978.
Space Shuttle Life Science. A high-fidelity mock-
_up of the Space Shuttle/Spacelab combination was
the scene of a demonstration test, ‘conducted as a
seven-day, single-shift Shuttle flight. The three-
man crew performed 26 life-science experimonts
and 12 opemuon.ll tests. Animals were use(l ex-
tenswely in the tests. The crew, consisting of a

-mission specnllst and two p'wlo.ld specnahsts re- -

mained isolated in the mockup for th&entire test,
supported by “ground” flight control and payload
oper'mom staff. Six developumental flight labora-
tory items, produced and made available for this
test, provided environmental control, waste man-
agement, *animal handling, and feeding devices.

The first model- of a new, hlgher pressure space-
suit for astronaut use outside the Shuttle is now
undergoing tests within NASA. Designed .to afford
greater fnobilit'y and to cost less to make, it offers
adjustments in size for fitting of most ‘people by

‘ modular selection of arms legs, and torsos. .-

Préparing for Space Shuttle operations, NASA
developed medical standards tailored to the indi-
- vidual crew and passenger responsibilities. Space
medical - standards f'%{r‘selecnon of  Astronauis
(Clas;.\l) Astronaut Missjon Specmlms (Cl.,fss‘II)
-and. Payload, ﬁ)ecm];sts :

f"ulures of Whlch 1 had. p'irﬁﬂ St

satellite” in “elliptical rather thdn synchronous oi- -

bit. .Of the total of 16 launches in the year, 12
were for the several categories of custorners who
reimburse NASA for the cost of the hunch vehicle
and the support and launch’services.

- Scoul. The smgle launch of this vehiclé sy.;tqn‘

was of a Navy navigdtion satellite in October from
the Western Test Range, California.

/Pyssengers (Class 111y were .'

Ep ')ubhshed THes the. fnast*gonase "fhd up {o--
“date’ %‘a ‘ :

AR

Dellta. The most used of the vehicle 's'.)stems'
I)eltih'td 10 launches this year, 8 of them success-
ful:’ communications satellites for NATO, Japan,

.m(l Igdonesl.l, a research communications satellite

© satellite.

ly; a meteorological satellite for Japan and
one for NOAA; three satellites for the European
Space \Agency, and a NASA -scientific I"\plom
Of the two failures, the first was in April

_ during the launch of the Emope.m Space Agency's

+

GEOS nyjssion;, when the separation device between
the seconid and third stages of the.launch vchicle
failed. This ple\ented the satellite from attaining
synchronous orbit; it did go into a highly ellipti-
cal orbit, from which it is mecting about 70 percent
of its mission objectives. After an investigation and

corrective actions, the next thyec launches werc

_Successes.

The second Delta failure occured on Sceptember
13, 1977, durmg another European Space ngn(\

launch, this time an Qrbital Test Satellite experi-s,

.ental communications satellite on a Delta 3914-

hY

f

series vehicle. The Delta had a catastrophic failure,
explodmg .lpploxlm.ltely 54 seconds after launch.
The review board's investigation indicated that the
probable cause was failure of one of the Castor
IV strap-on solid motors. Since then, Deltas using
smaller Castor II solid motors were giveu clearance
“to launch the NASA-European Spiace Agency sci-
entific explorers ISEE-A and B, a European Space
Agency meteorological satellite, :md a communica-
vions satellite for Japan.- -

Atlas-Centaur. 'TthC “ launches used Atlas-
Centaur vehicles: “two Intelsat .communications
satellites for the Comsat C&rpomtion‘ and a NASA

scientific high-energy . astronomy satellite (HEAO

1). On one-of the Intelsat launches, conducted in

V"September, the booster failed approximately 54

a

.

" from. the Cemdul s!‘%{

seconds after launch, causing the vehicle to tumble.
the Atlas stage te.cxplode- just after separation
_and the Centaur stage to
De: *d’e‘s\;oyed u d}e range safety officer. Prohable
catisk of fallure was a ruptured line in the hot gas
génerator : “that¥drives the turbopumps on the two

“:Atlas outboard booster engines. This caused « ﬁre

ih, the engine,section.

:.Tttan III-Centawr. The largest of the VCthlC
“Lsystems suécessfully launched Voyager 1 and 2 on
two boosters in August and September. These were

. the lagt missions now scheduled to be launched by

R

this vehicle combination. . .

Ad vanced Studies ‘ S

NASA continued to conduct advanced studies ou
the feasnblllty and trade-offs between various new
projects; of program extensions, to provide both
focus -to longnnge planning and a (hn base for .

[
o
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informed decision makmg A major study looked |

at extended-duration missions aof the Shuttle with
Spacelab. Options which appeared feasible were:

e an evolutionary approach to large-scale space
. operauons in which capabilities being devel-
oped in the Space Transportation System

~ could be augmented by a small electric-power
~module (25 kf{jowatts) "to supplement the
Shuttle’s power system. Later this module could
be increased in size so that the Shuttle could
support communications, materials processing,
and assembly of large structures in orbit, lead-
ing eventually to a space construction base.
Approaches were defined for fabricating and
assembling large structures in space, for de-
veloping orbital operations, and for deploying

large antennas. Also included was a study of -
reboosting and reusing Skylab, .the space’sta-’

tion that has been in orbit since 1973.

¥ future Space Tmnsportauon System {require-
ments through the year 2000‘.include “a capa-
bility for orbit transfer well in exce¥ of what

the Inertial Upper Stage could provnde For -

example, “extending manned flight to geo-
synchronous orbit would call for a large orbit-
transfer vehicle with ‘payload capability from
5 to 10 times that of the Inertial Upper Stage
For unmanned cargo “transfer, solar- electric ion
propuls:on was lnvestlgated

For long-range planning purposes, an analysns is
underway to set feasible goals and determine tech-

. nology needs for future commercial use of the space

environment, with emphasis on worthwhile objec-

" tives for space industrialization.

Spece Research and Technolo'gy

NASAs work in space research and technology .
provxdes advanced technology for future space-

missions. The" prlnc1pal areas of study-include ma-
terials and structures; guldance, control, and in-

. formation systems; space propulsion. systems; and
space energy systems. Although intended for use

in space, some of the technology has applications
on Earth as well.

Materials and Structures

<

Research. in materials and structures provides.

technology advances for reliable; long-life, light-

~ weight structural materials for building sfacccraft
and large orbmng space structures. These advances

could save operational costs and increase payload

_capability for future space missions.

Materials. Inthermal protection’ for ‘re- -entry
spacecraft, a réusable insulation materlal has been

26 .

- systems.

f and coordinates the functions of vision,

®

o

developed with improved strength, wear, and im-
pact resistance. This material was selected for use

. on the'Space Shuttle forsthose areas subject to

wear, such as around doors and ports.

977. Knewn as “second surface mirror,” the coat-
ing has a” diffuse surface which, by cllnnnaung
glare, prevents secondar) thermal buildup and -im-
proves temperature scontrol; it also saves weight
‘over prevmus mater:?ﬂs used. Because of these ad-
vantages, it was select
control radiators $a_the Space Shuttle; which are -
located inside the payload- -bay doors. This type of
coating will find many uses in spacecraft of  the
future. .

Structures. As part of an eﬁort to save weight in
future space systems, composite sttuctures made of-

- a graphite-polyimide combination are being de-

veloped that can withstand temperatures” 150°C

*higher than existing'composites. During 1977, four

polyimide materials weré. identified as haying po-
tential for use as structural materials at a- tempera-
turc of 315°C for as many as 500 re-entry cycles.
- Techniques for fabricating structurg made' of
these materials are being developed so that a typn-
cal control surface can be, constructed and tested}
if it verifies the predictions of. structural mtegrlty,

“the reduction in weight is estimated _to be 28

percent C o
S P

Gwdance, Control, and \nformation Systems

NASA’s work in guidance, control. and informa-
tion systems in 977 was designed to develop a
technology base that would pérmit a 1000-fold in-»

- crease 'in’ availability to the user of space-derived

information, and reduce by an order of magnitude
the cost of mission operations by stepping up the
level of autonomous ; oper:mons in

. Sensing and Detection. The ﬁlst lmcm chmge-

coupled sensor drray that.can image in the near-
" infrared region bf the spéctrum has beén designed

for remote sensing of-Earth's and other planets’ en-

. vironments. The device achieves signal processing
-in real time directly on ‘th¢ same chip as 'the

imager and significantly reauccs weight and size

-as well as power needs.

Gutdancc and Control. Pursuing the cost agd-
tages of increased autontfation, NASA this year
ompleted demon;trauon of a robot that combines
iocomo-
tion, and mampulauon The speed at which this
_robot can process TV images was increased by more
than an order of magnitude with lmproved com-
_puter techniques and the design of a umquc visual
memory system.

~
e | ,

\‘(Arr{ew thermal control coating was dcvcloped in

for use on the thermal

s
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Data Reduction and Distribution. Work’ con- tems and tries to reduce ‘(hcn' cost. ‘The associated
t\;nued on the improvement of software tools and techinology tries to mcet the growing need for

\ . 3
teshniques that interface user softwai Py

grams _cnergy in space, with some spin-off for applications
and, dpplications computers. A breadb - '

for a¥ on Earth.

compiler writer system that can translat user’s Solar Cells and  Arrays. Solar cell technology
‘program into proven machine software in near-real  :achieved a major advance in 1977 with pilot pro-

time ks developed this year. When opclational, ~ duction of a solar cell five times thinner and lighter

" this syst&\xz promises to reduce the cost of transla- . - than thoe now in use in space. Secondary benéhts

w » tion signiicantly.. L from these thin solar cells are redirced dragility and

‘ - g : . the potential for lower cost ‘since less silicon ‘ma-
SP.““’_P"OA?l sion S}’Sfe”lf' - - terial is needéd. As for solar arrays, a large step-

toward demonstrating the feasibility of lightweight
solar arrays was the successful zero-g testing, using
a KC-185 aiveraft, of thé root section of u 66-watt-
per-kilogram solar array.  ~ ) ,

- Chemical Energy Conversian and  Stordge. A
silver-hydrogen battery, a blend ((f the technologics
of the silver-zinc battery and the hydrogen-oxygen
fuel cell. has completed testing in simulated geo-
synchronous orbit. This prototype represents a_ pd-
tential for halving battery weight.

Having demonstrated the basic i_fonl]):ll&lb_yily of
the reactants—hydrogen and- oxygen—in this new
role, the technology oftérs promisc that, since the
same reactants are being used both for propulsion -
and power, the weight sayings from climination of
redundant  tankage and  reserve fuel can  be

significant. o ’

- _Thermal-to-Electric Gonversion. Under a Jaint

program with the Department of Energy, NASA
© . has developed and delivered rotating units and
recuperators for a 500-2000-watt- Brayton power sys-
tem . powered by radioiostope. Longevity of the ro-
tating machinery has been the major technical
limitation of Brayton conversion systems. In ad-
dressing this concern, a larger (10 kilowatt) 'Bray-,
ton unit has logged over 30,000 hours of endurance
testing and will continuc toward a_goal of 50,000 ..

NASA's wark in space propulsion secks to ad-
’ vance liquid, solid. and heat-clectric propulsion so

- thit future Eayth-orbital missions’ and planctary

explorations cany have increased p'&-rform:mcc at

sreduced costs. iy '

Liquid P'r(fpul.s'i}m. Testing of compopents for o

small, repsable, high-performance engine burning

+~ oxygen and hydrogen—designed for use in future

reusable orbital-transfer vehicles—was -4 notable

-+ ¥.milestonce in 1977. A thrust=chamber assembly, with

1 @ 400-to-1 nozzle area ratio, was successfully tested

under’ simulated .vacuu conditions. The specific -

-impulse measured 478 seconds, the highest known
value ever recorded for these propellants.

Solid Propulsjon. Significant progress was made
in demonstrating yheat-sterilizable propellants for
solid rocket motors that could launch pavloads
from the surface of’ planets. Propellant charges as
large a\71 centimeters in diameter (260 kilograms

v of propcllnn{survivcd the Viking sterilization re-

quirement oR§ cycles of 54 hours cach at 185°C. °
”Thl's‘.cnp;lblhty is being extended to larger, dmzn-_
eter’ motors. T i
+ Electric  Propujfon. Substantial p}ogr'css oc-
. curred in the developnient of ion thrusters for
... both low;—encrgy-level applications—such =s sta-
tion-kéeping of geosynchronqus, satcllites—and the

¥

/

higher “energy lgvels of primary propulsion for h(.""“s' 5 ' _ . '
planetary exploration: The station-keeper version— : B oo
4.5 millinewtoris of thrust—successfully completed " Tracking and Data Acquisition &
A 10-cycle thermal.vacuum test and an accelerated- , _ . ’ .
f})]’?e l{fe ]t;:;[ (]‘)]000 C)d’e‘s).f ’]I'he px‘xm.lry. 1or; - Tracking and data -acquisition represent the cru-
;'t us;f‘x{ 1(980 ml] n??uton:s o].‘“r'“'_“-) (l; t(;ugct;zc. cial links that return data to Earth -for analysis
“to a]' d 1 I technology ']'C‘“ }nesso.st.m ‘;r to )e - and exploitation. These activigies include tracking
i‘}}:P (lii. 10 P anemrf) }e;xp omu~on.. nc"e ement s - space vehicles for position and trajectory, receiving
thet-- \ll(e. opment of the !)ow? _pxo]ccssm]g systems and processing science’ and cengincering telemetry,
ii. take raw power cor}llnng 1~om the Sg ar ?;rr_ays transmitting comimands to automated spacecraft,
an¢, convert it into the currents and voltages providing' voice’ communications for imanned
reeded to run the ion thrusters. Development ver- sion ' . - :
5’°n(51 of(.ithese (Ii’o“'er processors have been fibri- The bulk of thod¢ services arc provided by thcx
cated and teste g . ) fakilities of NASA's two worldwide tracking nct-
.. . : H .
- - » works. The Spaceflight Tracking and Data .Net-
Spa . - . L .
gce Energy Systems : . work is specialized to support all Earth-orbital
' NASA’s research' in space cnergy systems im- missions. The Deep Space Network is designed and
proves the longevity And efficiency of cnergy sys- engineered to support planctary and interplanetary
) 27
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missions at great distancesfrom Earth. A NASA
Communications System, employing @ w\'uriety of
communications links from simple land telephone
lines tojSatellite relays, connects ‘these facilities to
provide instantaneons information flow between
the spacecraft, the' ground stations, and the project
control centers. S ‘ .

0perational Activities

Throughout the.year the networks continued to
support more than 50 Earth-orbital spacecraft and
.some 14 interplanetary inissions. This includes
tracking andr telemetry launch support that was
provided.to other government: agencies, to com-
mercial owners, and to a host of international co-
operative and foreign missions, on a reimbursable
. hasis. Sometimes post-launch support was provided
as well: . - -

Support of the International Community

In 1977 telemetry and tracking support were ‘.
. provided to the European Space Agency's Meteosat

weather spacecraft, several Japanese weather and
communications satellites, and the “Italian Sirio
mission. Post-launch support normally involves
maneuvering the spacecraft from its initial orbit
into geosynchronous orbit and drifting the satellite

to the desired geostationary position once in syn--

chronous orbit. ‘Then operational control is re-
turned to the owner in a series of graduated steps
for a-smooth transition of the control.function with
little risk to*tontinuing operational reliability.

u
»

Netivork Progress

Data Processing,Improverterds. At the Gbddard
Space Flight Center, important improvements were
made in 1977 to the large-scale, common-purpose
data processing facilities and the mission control

; . s

centersefor automated Earth-orbital spacecraft. A~

new telemetry processing system eliminates tape
- recording of-data Teccived at each station; data
now ertér a mass storage system dirgctly from.
communications 'lines. This eliminateb the delay
for recording and the dI.ay involved in shipping
the tapes from the statidns to the control center.
Also the data are cataloged automatically as they
.are stored, avoiding another tape recording. With
these improvements, much greater volumes of data

can be processed and delivery of data to the experi-’

menter is quicker. _

Control Center Improvements: A-new capability
in mission control willj take effect early in 1978
‘when the control room for the International Ultra-
violet Exploter is activated. For the fiyst. time the
participating scientist will be able td”manipulate

A -
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a spaceborne telescope just as if “he were in i
‘ground observatory. Now lm}lcrgoin'g».lcst and
checkout, this nnique facility enables the investi-
gator to select the star he wishes to observe; a
computer complex will generate commands, relay
them to the spaceeraft through the ground sta-
tions, and point the telescope to the desired star,
all antomatically. Not only is this populur with
the scientist, bnt with Himy/n the control loop,
rapid, flexible responge is possible when' confronted
with unexpected results ot brief phenomena.

Deep Space Network Improvement. Gapabilities
.of the Deep Space’ Network were improved by the
completion of a nufibér df modifications that re-
.duced the ndise generated by the antenna systems
themselves. Antennas must be extremely sensitive

to pick’ up spacecraft transmissions from thundreds”

.of millions of miles ‘away. In this situation the
noise generated by the antennas themselves is a
major component of the interference that must be
overcome if we are to communicate with distafit
spacecraft and navigate them across vast distances.
\In addition the ;ofl\'crsion of thc‘ 26-meter anten-
nas to x-band frequencies began i 1977. X-band
will enable satellités to transmit data ‘at higher
rates—and therefore retuin-more Mta—thah they
can on S-band. The first of these sdual-frequency
antennas will be ready by late 1978 to assist in the
simultaneous handling of the Pioneer Venus mis-
sion and the Jupiter encounters of the Voyager
spacecraft. )

Ly, » X
NASA'Energy Programs’ :

‘NASA support of research and development in
the field of energy includes reimbursed support to
the Departmént of Ergrgy and other agencies, and
definition and understanding of wa¥s in which
space, technology may be used to help*solve cnergy
needs on Earth. The reinbursed activity in 1977
amounted to nearly $100 million and 400 equiva-
lent maf-years of effort Trom several NASA centers.
The definition
NASA.

Solar Heating and. Ml . I

NASA "contributes to the development of sys-

tems for the National Solar Hcating and Cooling

Program and provides contract management and .

" technical support for the commercial demonstra-
tion part -of that program. NASA also participates
- in a joint program with the Department of Energy
to install solar equipment on buildings in NASA
centers.

-

- v

activity was fargely . funded by



.

" <and Applications
- search Laboratory.

)

Improved solar heating components and systems
are now being integrated into 45 operatidnal test
sites throughom the US. to test capabilities and
performance in a wide variety of climatic zones.
Seventeen of the 45 systems were‘)completed in'1977.

sary.tg assess technical fe)ﬁll)lhty and thereby pro-
vide a baseline for the studies by the Department

of Energ\ P

Aeronautical Research and Technology

Prototypes of advanced cooling systems are being » . R

tested at three locations. These systems are a major
step toward cost-effective solar cooling of single-
family residenags. The first of these Rankirie-
cycle systems will be mstangd in a test building by
mid-1978. Also,
'm California, Texas, Aldbama, Florida, and Vir-
gifia will be e(lmpped thh solar heating systems
by mid-1978. Sy
—

Wind Tu‘rfﬂze Generators s ';

The 100kilowatt wind turbine -(MQD O) dedi-
cated two years ago at NASA's Plum Bropk Station

* near Sandusky, Ohio, has undergone “extensive
testing. Early technical difficulties were overcome
in 1977 and the machine now operates aytomati-
cally, (leh\enng powé{ to the ¥ocal utility company
whenever the wind exceeds 1P%ilometers per hour.

Another-machine, similar but rated at 200 kilo-

atts, will begin operatton at Clayton, New Mex-
1'co early in 1978. Two mor® of this model will be

. installed next year at Culebra, Puerto Rico, and

“ Block:Island, Rhode Island: Desigri and construc-
tion of two much larger m1chm7es was begun in
1977, . ¢

Pbotovoltam ( Solar Cells) -

10 bul!dmgs at 6 NASA centers

NASA's aeronautical research is aimed at (1)
s improving the endygy efficiency of aireraft. (2) -re-
ducing aircraft noNe and cmission pollution, (3)
improving aviation \afety and .terminal-area oper-
ations, (4y advancing lmlg%aul and short-haul air-

- craft, and (5} providing technical support to the

military to maintain the perform.mce supenonty
ofmlht.lry aircraft. .
. 4 .

Improm'ng the Energy Eff ien?y of Aircraft ‘

The Aircraft Energy Efficiehcy plogmm begun
in 1976, has as its goil the development of new
‘chhnology that can reduce fuel. consumption of
futwre transport aircraft by up to 50 percent
through advances in engine systems, .luodyn.nmcs
and active contvols. and structures. )

Engine Systems. By improving engine compo-
uents in current engines, NASA intends not only
to reduce fuel consumption but to minimize deteri-
oration of performance in current and {uture de-
rivative turbofan engines. During 1977 work was
begun on redesign of tan blades and improving the
high-pressure turbine seals; improvements in these
components could reduce specific fuel consump-
tion by about 2.5 percent. Research on seal flow
effectiveness has led to design of a better seal con- -

As part of the Dep1rtment of Energys Natlonijr- figuration to 1cduce leakage and thereby re(luce .

Photovoltaic Cony:rsxon Program, work continued
on the Low-Cost Silicon Solar Afray Project at
NASAS Jet Propulsion ‘Laboratory and' the Jeest,
Project at NASA's - ‘Lewis' Re-

- a variety of applications intended to stimulate near-
term commercial use.

Salelhte Power Systems

A ]omt study by the Department of Energy and

NASA is under way, to develop by the end of 1980

a first understanding ?,f technical feasxbxhty, eco-
nomic viability, and ’social and environmental

- aeceptability of the Satellite Power Systems con-

cept. The Department of Energy will manage the
effort and assess the economic, environmental, and
social aspects in comparison with ather enesgy
altern:mves NASA will focus on@techmcal 1ssues,
attemptmg to define the systems to the depth neces-

/,- ' 5 - 3
v .

e first prolect develops tech-
’ nologles to reduce the cost and ingrease the life:
time of arr‘lys The Lewis project experiments with,

+ were devoted to testin

frel consumption t‘\%hen the seals are used on com-
ponents throughout the enginc. . ’

Components identified for further development

‘in 1978 inglude incorporating new materials and_ _
m.muf.lctunng rocesses, more. efficient coolmg, Te:
“‘duced lpak,nge mlplowed bearings, angd nmprovea
gomponent *aerodygamics.
. NASA also e\c:&ncd in 1977 the technology re-
quired for a next-generation turbofan engine that
significantly reduces ‘specific fuel consumpuon by-
approximately 15 percent less than current high-
bypass-ratiq engines. Work has begun on the ad-
vanced corﬁponems—f.ms ‘compressors, combustors,
and turbines.

Aerodynamics and Active Controls. Testing in
_wind tunnels” provided basic data on the aerody-'
‘namic performance of the supercritical wing for.
potential application to the(desxgn of future trans-
port aircraft. Over 1000 houfs in the wind tunnél
the® éffects of varying the
wing aspect ratio, camber and sweep, and the con-
figuration. of the wing control surfaces. Items iden-
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tified for additiopalewind-tunnel fi g.are wing-
lets, propulsion system integration, / nd active: con-
“trols for. .lllcvmtmg wing loading,/Work has begun
on applying active controls and aerodynimic im-
provement, singly or coupled, to future transport
aircraft.xBaseline Mights were begun in 1977 with
Lockheed "L1011 .ma)ft cqunppcd with an.active
control system., '

Work in Luninar llow control has focused on

tests of a” full-scale wing model hnvmg a 6-meter
chord and a. supercritical cross-section confirmed

* that laminar flow copld be 4!Chl§\'€(l with a wing

design representdtive of a future Yansport aircraft.
* Rescarch was conducted on  the acrodynamic
problem caused by the buildup of dead insects on
the leading edge’ 6f an ajreraft wing in flight..The
results of the flight tests at locations throughout the
U.S. demonstrated \[\h.lt i water spray on a Teflon-
coated leading- edge of a wing would eliminate
boundary-layer transition flom laminuar to turbu-
lent flow otherwise caused by the Liyer of insects.
Structures. So that performance predictions and

m.muflcturmg processes can be validated, NASAis.

dcxelopmg and grqund-testing six components /of
existing transport aircraft; these components have
been made from advanted composite materighs up
to 30 percent lighter than metal. Ten’ -upper aft
rudders for the DC-10 were produced from com-

4

. achieving a prictical wing structure of minimum
“structural weiglit” by integrating the flow-suction
system with the prim {ry. structure.. Wind- tunncNthc center ds in the conve

prosite miaterials in 1977. The sécond component'

- the vertical fin on the L1011 aircraft, completed its
- eritical design review-and entered design verifica- .

tion testing. Experience’ to -date indicates that,
when produced- in sufficiént quantities, the com-
posite components will compare favorably in cost
with thc:r metal muntcnp.u ts.

Einissions  Reduction. Work on cxpenmcnta]
clean combustors, sceking to reducé the exhaust
emissions from large turbine engines during land-
ing and takeoff, ‘has been completed. Emission
levels wer¢ significantly below those of conven-
tional engine combustors and comparable to the

~emission standards set for 1979 by the Environ-

.Reduaing Undesimble Enviroumerztul Effects 7+ -

mental Protection Agency. The experimental data -
are bcmg used by the Environmental Protection-

Agency in cmlu.mng_ emission-level standm(ls for
all futnre engine classes. '
Work has begun on a program to reduce aircraft
emission durmg stratospheric cruise. Concepts for
fuel- preparation and combustors are ‘being sought
which can reduce. emissions of oxides of nitrogen

“at the po“cr settings nnd'.ntmosphenc conditions
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of high- altitude flight. Such a reduction w uuld re- »

duce,the possibility of destruction of atmospheric

ozone. Labor: atory tests :n other studies have indi-
cated that cnriching fuel with hy(hogcn during
fucl prc;?:uion is ‘@ concept which permits leaner
fuelair burning and -thus. rediees the formation
ol oxides of nitrogen.

Aircraft Joise Reduction. One type of low-level
nozzle liein§lmcstlgltcd i1s the xmmtcd\clocxt\-
pxoﬁlc nozzle. Inthis conﬁgulquon the P{Jgh veloc-
ity of the jet 9};&(1% in tlie outer-region rather than
ional bypass exhaust

tems. Gombinations of inverted-velocity-profile
nozzles ;ind advanced multi-element mcch.n{ cal
suppressors were tested in wind tunnels in varjng
arrangements in 1977, Preliminary analysis of the
data suggests that such sequences can prove frait-
ful in udu(mg hlgh -velocity jet noise.

Significant progress was also made” in under-
st.m(lmg of sound attenuation, plopng1tlon. and
radiation from the engine inlet ducts. f(ncw tech-.
nique. was developed which will aid in’ the rapid,. .
ethcient design of acoustic liners-for ducts. The
methed accurately describes 'the” far-field sound:
radiation pattern from ducts with far greater snm-
plicity than was previously thought possible. “An
advanced bulk linear \Elterl.ll was-demonstrated in
an mt'cgmtcd/englnc niacelle; it provides high
,aconstic efficiency with savings in wcnght
*In the study of hugan lesponse to aircraft noisc,

_ it majoe=cffort has been to improve the bases for

relating laboratory . ﬁndmgs to commumt) re-
sponses. Several studies to improve the noise dif

criptor for specific types of aircraft have been com--
pleted. Critical aspects of the human stimuli jin

helicopter and supersonic aircraft noise have been

" identified. The.data are being used in the develop-

D
(0

ment of nl[lOﬁﬂlo.llld international noise stand-
ards. Lo, e o : ,
In suuctuml_.lcou%tlcs, dcvelopmcnt was begun "
of Jdmproved prediction methods for the transmis-
sion, absorption, and reflection of noise in air-
frame materials and structural configurations. Re-
cent results show that structural weight require-
ments for noise attenuation may be reduced by as
much as 50 percent by .ulvanccd design tcchmques-

I mprbved Safety and Terminal-Area Operations

Safety.- Aircrafs fires;® either indlight or post-
crash, are among the serious threats to occupants
of aircraft. NASA is explonng several ways of con-
trolling the propagation’ and intensity of fires.
Through thermochemical :modeling, NASA re-
sc’nrchcx‘s have provided u useful .m.nl)li('al tool

wguiding  niaterials (lcslgncxs in “structurii:z
p.mcls and cabin liners in wavs that will in-

o
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. amount of smoke and tox:c gas.

.portauon (o]

© with flight

ew materials
have been developed which offer poténtial gains in
tesistance to fires. Fire-resistant polyimide foams are
being examined for possible use in seat cushions,
one of the main sources of smoke and ﬂame in air-

- hibit _Tiammab.ility,mapid spread o%ﬁre,' and the

- craft cabin hres

In a crash, a ‘major link between the ignition
sources—hot parts of the’ engine, electrical shortsy

‘friction sparks—and a fire is the fuel-rnist cloud that

is generated by rupture of fuel tanks and lines
when the aircraft crashes. NASA is applying basic
chemistry, in the study of aircraft fuel treated with
small amounts of high-molecular-weight polymer
addmves, test results indicate that these additives
inhibit the formation of fuel mist in crash situ-
ations, :
Aircraft'safety can also be improved if the per-
sons who work in or use the national aviation sys-
tem feel responsible and secure in reporting threats
to safety which they have observed. In an effort to
provide a.buffer between the regulatory agency and

‘these individuals, NASA has for the last two years
“Gperated the AviationaSafety Reportmg System, in

Wthh complaints are spbmitted to it, synthesized,

~and worthwhile data are passed- on to the Federal
. _Avmuon Administration® for appropriate action.

“The system continues to be well supp'orted by the
* aviation commumty, with more than ‘8000 reports -

submitted. Many’ o(’\bﬁ reports have identified im-
mediate. safety problems; over 400 bulletins have

“been forwarded to thé Federal Aviation Adminis-
-tration for investigation and corrective action. This

year the emphasis has been on developmg a com-
puterized data base, from which it ‘will be pOSSlbl%
to analyze in detall the more pervasive safety pro
lems. : '

fcrrnmalArca ()peratzons AII weafhsr use of
hehcopters can be a major factor’ in futuré trans-
them irito the total pattern of ter-
minal-area opcrafions, hehcoptels must be equipped
and npavigationr instruments that
will enable them to fly precisely prescrxbed flight
paths to small linding pads while maintaining the
required separation from other aircraft in the traffic
flow in and out.of the.xigports. Since hehcopters
have vastly different flight” characteristics than
other aircraft and impose a greater workload on
pilots, their equipment and operating techniques
cannot be mere spmoﬂs_ﬁqm conventional aircraft

-systems. NASA has successfully demonstrated oper-

ating systems and ~piloting techniques for safe
operation of helicopters in adverse weather and in
congested terminal areas. These demonstrations in-
clude some 60 manual approaches to landing; using

“cockpit displays providing the pilot with informa-

pl'ion‘thatg\ables him to perform complex approach

trajectori®® in low visibility; they also include 30

fully automatic_ (hands-off) landings.. .
In cooper ation thh the Federal Aviation Admin-

' istration, NASA is deve10p1ng te&mologv for ad-

N

vanced airborne systems and flight’ procedules that
can improve terminal opelduons through effective

use of advanced navigation. guidance, and’ con®
mtnications systems. being developed by ‘the Fed-
eral Ayiation Adminisgration. One such system is
the Microwave Landing System, a precision guid-
ance system designed %Q replace the 35-year-old In-

strument Ldnding S# A 737 aircraft, thh dis-

play, navigation, and flight control systems repre
senting the first application of all-digital systems t6
conventional transport aircraft, has demonstrated
toupled approaches and automatic landings with
the Microwave Landing System. The purpose of
these flights was to démonstrate to representatives
of the Organization of American States the matur-
ity and integrity of the U.S. Microwave Landing
Systcm gs a candidate for the new mternauonal_
prec@lon guldance landing system. . ’

Advam'ing Lang-Huul and Sbort-Hat{l Aircraft

Long-Haul. Several significant advances -have
been made in identifying 'advanced technology for
supersoni; transport that are economically-attfac-
tive and environmentally accep{able The standard. °
technique for:tailoring the size of Subsonic. tTans-
ports from a basic' design to“fit other range gnd
payload demands was to lengthen or shorten’the’
fuselage. This 1pproach was found not to apply to’
supersonic transports with’ their' highly integrated
and blended wmg/fuselage designs. This year the
U.S. applied for a paten{ on a new cpncept which'

' mvolyes lateral fuselage'changes to. Prowde wider

- variable-cycle engines.

or" marrower cross sections for the. cabin area’ of
supersonic transports. Also flight ‘research with the
YF-12 aircraft demonstrated for the first tinie that
1mpr0ved high-speed handling and ride qualities
were achievable with a cooperative control system,
which integrated “aircraft, inlet, and engine con-
trols. In ground-based research, structures made of -
superplastically formed titanium were.. tested, as * *
were low-speed aerodynamic improvements  for
noise reduction and the verification of coannular-
nozzle acoustic suppress;on for concepts of ‘the

Quiet Propulsive-Lift Technology In August
1977 the inflight measurements on the Bocing YC-
14 and the Douglas YC-15 aircraft were compteted
as part of the test and evaluation of the USAF
Advanced Medium STOL Transport prototype air-

craft. Now being compared with analytical esti-
mates and ground-test data to develop improved
o ' ’ N

. .
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design - techniques  for future nsports, these
measurements -included thermag®and acoustic en-

vironmeiti on the wing flap systemns, intefior and

L2

- fAyover woise, enging-inlet acoustics, and handling
. »

' tary 4n deyvel

qualities. . ,
The Quict Short-Haul Research Aieraft made -

.

substantial progress. in. 1977 with the completion ~

Of_f;lh&ic:l[l'on, assembly, and installation ,of the
new propulsive-lift wing, new engine nacelles, and
fuselage modifications. Scheduled for dglivery to
NASA in 1978, .this aircraft will be used to validate

in_flight the design and operational technology -

needed by the U.S. aviation industry to develop
quiet short-takcoff-and-landing - transports. and by
Federal regulatory agencies to establish appropriate -
certification standards. -

Tedhnical Support to the Military

The supp-olrt‘ by NASA of military programs ad- -
vances broad-bagedl teclfnology for use by the mili-
ing future generations of ilitary -

aircraft. ) .
Stall-Spin Research. JInvestigation of stalls and

. spips has procceded for several years because of the

undesirable departure and spin characteristics of

modern ﬁghter :nj‘l\r:lft. Losses from spin-related

accidents have averaged 70 aireraft and 38 airmen
per vear. NASA's Langley Rescarch Center, in co-
operittion with the USAF, has contributed to the
reversal of this trend through its rescarch in acro-

dynamics and control systems. The F-15, F-16, and’ .

F-17 aircraft are highly spin-resistaint as a vesalt of
this rescaxch. Currently the aerodynamigs and con-

- wrol systems of the F:18.are being tailored to pro-
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vide a high degree of r’csi&ncc to spin. Basic re-

2 % . e . e K

3 . " -
search on nose shapes for aircraft is seeking de-
“sign data on spin resistance to bé used early in
the design cycle.of future fighter dircraft.

. . . . D o
Aurframe/Propulsion  System Interactions. The

very large turbofiin engines being used in modern

“fighter aircraft have caused propulsion aerody- -

namics to react with the aerodynamics of the air-x,

fgne. for a larger cffect on perfprmance-than in
previous designs. NASA has used the F-15 in fMight
tests and models of the aircraft in wind-tunnel
measuréments to - provide data for designers of

future aircraft, -enabling 'f'th‘em to optimize per-

formance by including, the effects of propulsion-

- system aerodynamics in‘their basic design. .
NASA/Military Flight Programs. The joint-

NASA/Air Force Highly 'Maneu\\;emble Aircraft
Technology program has moved to the point where
the prime cantractor has fabricated parts for the

4o flight vehicles and is now in final assembly,

‘with delivery of the first vehicle planned for early
in 1978. The NASA/Air Force Tramsonic Aircraft
Technology program has been completed and its

- data are available to the industry, .showing wind-

t'.unncl-t'o-ﬂigh‘cor_l:cl:ltion for supercritical wings.
- NA%A and the Air Force have two -joint heli-
copter-research progrims: the Rotor Systems Re-

scarch Aircraft and the Tilt Rotor Reé(_’.:irch Air-’

“araft. The first of these has completed its initial
operational checkouy flights and is being readicd
for rescarch flight testing, using. both the rotor sYys-

tem and wings for lift. The Tilt Rotor Research:.

Aireraft has finished its initial hover flight tests and

is now in the ground-test program that precedes the
fullscale” wind-tunnel tests and the first transition

" Hight., . :
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Introduction

Dep;lrtment of Defense aet:onautlcs and space
developmenta.l activities are fundjimental to na-
tional security. Aeronautical activities support the
national defenSe role in terms of tactical arid stra-
. tegic aircraft”and’ cruise missiles, airborne early

warnmg, groynd and ocean survei llanc%amphlb
" ious and ground/air assault mobility, and air mo
bile command, control, and comrunications, Space
activities support the national defense rol terms
of mission support for communications, pdvigation,
weather and ocean forecasting, and surveillance.

/Space ‘Abti;lities
Space Systems and Programs S _

\

e

Military Satellite Communications Activities. De-

-fense requirements’ for satellite communications.

call for three categories of s&vice: (1) high- -capac-
. ity, long haul trunking (pomt to-poigt communi-

cations), (2) moderage-ca acity mobilg-user service, -

and Y3)- strategic-force kdmmand ‘and+ control.
- .Mllltany comriiunication +inks,-
. using satellites, must have ‘an anti-jam capability

whieh civil systems do not need, so that hostile
enemy acthlty cannot degrade -our military satel-
lite communication systems. In the near term these
services are satisfied by (1) the Defense Satellite
Communications System, Phase II (DSCS II),
the Fleet Satellite Communications System (FLT-
SATCOM) plus leased services on the maritime
satellite -(Marisat), and (3) the Air Force Satellite

- Communications System  (AFSATCOM), consisting

of the Satellite Data System (SDS), FLTSATCOM, -

and other host satellites. ‘At varying times in the
future, these &gar-term systems will be replaced

by (1) the DSCS III, (2) the General Purpose:

@)

mcIudmg those ..

" Satellite Communications System (GPSCS), and -

- (8) the Strategic Satellite System (SSS) Each of

these military satellite communications programs

will be described in more detail.
o

. DSC

4

¥
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DEFENSE  SATELLITE COMMUNICATIONS SYSTEM.
- The primary mission of the Defense Satellite Com-
mynicationsySystem (DSC$) is tp provide rapid,
reliable, ansg secure satelhte communications for

+ the ‘National Command Authorities and to con-

tribute-to the Woxldwide Military Command and
Control Systen%system has provided excep-
tional communicatiohs support to the Natlonal -
Command Authorities. ., . :
The initial research and development phase of
the Defense Communications Satellite . Program
provided a limited operational system from 1966 )
through 1974, The spice subsystem currently con-
-sists of four operational spacecraft: two DSCS 1I

satellites (numbers 7 and 8) launched in May 1977

*and deployed over the Atlantic and Western
" Pacific Oceans, DSCS 1II satellite (number 4)
launched in Decenmiber 1973 and recently moved
from the western Pacific to the Indian Ocean, and
NATO INB obtained ons'loan for temporary use
over the eastern Pacific Ocean. A dual launch of
satellites (numbers 9 and 10) is scheduled -
“for rch 1978 to replzice the Indian Ocean satel- -
lite-and the NATO IIIB satellite, which must bé
réturned: to NATO-in aceordarice with the tem-
porary loan agreement. DSCS 11 satellite numbers
11 and 12 will be available for.dual launch in
November 1978. In additiorn; the "Air Force has
contracted *for ’ Jour additional, hjgher powered

- DSCS II satellitds (number 13 through 16) to re-

plenish the DSCS space segment in 1979-1980.
Ground terminals for DSCS are provided by the

. Army. During 1977, a total of seven new terminals

with 19-meter antennaeflectors became available
for operatlon.ll use. Additional digital modulation
equipment procured by the Army represents prog
ress toward an all-digital system.

The next generation of DSCS satellites will be
DSCS HI models. A contract was awarded in 1977
for the development of one Qllaliﬁca’tion' model
and two.R&D flight models. The fizst R&D satellite
(DSCS 1I1A) is scheduled for launch in mid-1979
for about one year of R&D test and evaluation. The,
second: R&D satellite (DSCS IIIB) is scheduled

A
hYs)
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for’lnunclj_ in mid-1980 for ;nbout'a-six-x’nomh test

~

dependent transponders to cfhiciently -handle both

csmall and large terminals. Its. communications
‘thannels will have improved anti-jam protcétion

through the use of multiple-heam antennas capible

of nulling or minimizing uplink jamming signals.
In :l(l(é-l'.éLl.M) the normal S-band tracking, telem- -\

ctry, and’ commAnd functions operated by the Air
Force, the DCSC HI sitellite will,*have a super:
high-frequency  (SHF), Zommand capability, ¢

trolled operationally by the Defense Communica-
tions  Agency. ~Phis  capability © will improve
response time for: comyrolling “reconfigurations of
communications channels. The_ satellite will con-
form to nuclear survivability guidelines and will

fhave a design lifetime ofr about six years. Since the

-Space .Shuttle will become opcr:uion;illy available
during the life of the DSCS 11 program, the new
satellite is bejng designed to be Shuttle-compatible.
‘The SHF ycdmmunications satellite. requirements,
of the 1980s dnd beyond will be satisfied by the in-
creased capability and flexibility of the DSCS 111
satellite.” : ‘ - :
FLEET SATELLITE COMMUNICATIONS SysTEM. Mod:
critte capacity; msbile-user service will: be provided”
In""the Fleet !
.(FL'[,'S:\"‘I‘CO;\I). Its objective is to dcvclop, pro-

_pis\riod. The -DS_(.},S' I satellite will have multiple, -

[

Satellite - Communications System .

cure, and im[‘lcmcm a satellite corri‘municmions.‘

system to satisfy the most urgent, worldwide. sac-
tjcal and surittegic cominunications, requirements of
the*U.S. Nayy and U.S. Air Force. Production copn-

have been awarded. The firse launch is scheduled

for’ carly 1978. “Installation of fteet -broadcast. re- -

ceivers is-virtually complete, with’ shipboard trans-

“@ivers nndﬂnféi«mmion “exchange 'systems in“over
200- ships
risat spacecraft became operationdl in 1977, therehy |

an¥ 40 submarines. The third leased M-
providing virtually: worldwide UHF satcllite com.
munications. The*shipboard terminal equipment
will be operated through both the Marisat and

- FLTSATCOM systems. Installation of secure voice,

“shipboard terminals coMmenced in 1977. .

~In ‘the fature, this class of service will be satis-
fied by the General Purpose Satellite Commuhica-
. B . v o
‘tions System  (GPSCS) to. support mobile uscrs ol
the \Army, Navy, Air Force, and Mnrincs&n‘ing
1977, a joint program office was cstablishet or the
GPSCS. " ¥ s g '

AR FORCE SATELLITE COMMUNICATIONS

3

SYSTEM.

The Air Force Satellite Communications (AFSA’;/Hfm amount of satcllite capibility between U.S. \*
COM) System will provide command and contre DSCS and U.K. Skynet satellites, and to -interop-

communications for strittegic forces. The space seg-

ment includes UHF

34 . ! - a

“tracts for the first three FLTSATCOM spircecraft ¢

\

<

The ‘.-\.FS.-\'I,‘COM terminal segnicm‘wr]l TONsIa™

of airborne, mobile, and. fixed terminals. Terminal

deplovment will begin in 1978, Planning for the

“concept for a Strategic Satellite System (SSS) as «
follow-on oM ESATCOM is undcr way. ‘

CARMY O SATELLITE  COMMUNICATIONS  ACGTIVITIES.
The Army. Satellite Comnuinications Ground. En”
virpnment includes the development of _strategic
and.- tagtical satellite communications“ground ter-

minals for use by all services. Two. major projects

in this program clement are the QSCS IT and the

" Ground” Mabile Forces Tactical Satellite Commu-

)

nications Program. ‘A -third and smaller project in
this’ program is devoted to the exploratory devel-
opment required to support the two nmj'or'plio'y
ects. . e <

DEFENSE  SATELLITE COMMUNICATIONS - SYSTEM
SupporT. The' U.S. Army has completed the modi-

fication:of all existing DSCS ground terminals to

upgrade their reliability and rommunications’ ca-
pacity, Two AN/FSC-78 terminals have been in-
stalled and-are operjitional at For Detrick,” Mary-

land. Seventeen more*have been proeured. to saysfy

the needs of the DSCS and, by the end of 1977,
were installed worldswide. The contract for 21 AN/
MSCE61 medium terminals’ is scheduled to be
awardedyby March 1, 1978. The AN/TSC—86 light
transportable tetminal“contract was awarded ' Sep-
tember 30, 1977, for ﬂn‘cc términals. A contract for
‘1 additional three terminals was‘awarded on Oc-
Wher 80,1977« + ' ¢

TAcTiICAL  SATELLITE® COMMUNIGATIONS. Several

small SHF ‘terininals, have been under test smﬁ\\‘
fune 1975. Fhese small terminals are now u_ndcr-' .

contract for Tow-rate initial production. - When
fully deploved; those terminils - will !
bile.- multi-charinel comniunications  foy  the
ground mobile forces transmitting through the
DSCS satcllites fronr the ficld. Enginecring develop-
ment has begun on a UHF, manpack terminal
and for 2, UHF vehicular terminal.

* 4 The interin;& 5Per;niomll capability provided by

the test m‘odclsﬁ conjtinues to support various con-
tingcncics and field exercises. Operational testing
through the $ear has assisted in refining concepts

~for nse of this significane_transmission medium i

ll‘:l‘nSIlondCYvS on-several space- .
- craft types, includihg FI.TSATCOM and thé Satel-
litexData System (SDS). . S

support of combat rc_ndiﬁcss opcmlibns‘ A

INTERNATIONAL. COOPERATION® IN Spacg. The
United States and the United Kingdom continued
to operate under an agreement whereby the-U.S.
and the U.K. would exchange an c‘.ﬁcmially cquiv-

crate with each other’s Earth terminals. - - .

The US., U.K.. and NAFO continued in agrée-*

ment for a post-1975 communications satellite ar-
rangement. The parties will exchange satellite
. . . )

-ovi no- .
prov de n )
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capacity during specified conditions and will al-

locate channels temporarily. on a day to-day basis™*
X

when difficulties are experienced.

As a result of an agreement signed in September
1976 between the U.S. and NATOs the U.S. has
had the exclusive use of the NATé IIIB satellite

durlng 1977. ‘This arrangement!will, continue ‘until -

spring 1978..In return, the U.S. will provide NATO

. with equivalent DSCS satellite capacity at a time

to be dcsxgnated by NATO nnd agreed to by the
U.S. -

Progress continues toward esmbhshmg thc U.S.-
‘U.S.S.R. Direct Communicatiori LinK, which uses

satellite .communication eircuits via Intcl\sat and

Molniya satellites. The link was created in “accord-
ance with the 1971 Stratcglc Arms Limitations

. Talks agreefnent between the U.S. and USSR,

Since August 1976, the Molniya system has been ts-

-

-able 24 hours a day, and end-to-end testing con-’

tinues, using both Yatelsat and Molniya.

-

Y .
Navigation Satellite Achyity .

The Navy-Navigation \Satellite System, referred
to-as Transit, achieved its twelfth year of operation
in 1977. The purpose of devsloping Transit was
to provxde a worldwi wo-dimensiofial system for
. position fixing tgz4n accuracy of better than one
_half-of a kilomeler—primarily in support of strate-
gic ballistic missile submarines. Transit usage has
- been expanding, both-militarily and commercially.
It has been adapted to suc
offshpre oil cxplorauon and measurement of the
drift of ice over'the poles. The six satellites provxde

‘diverse activities as.

an opportunity for auser to take a position fix -

every two hours or less, depending upon the lati-
tude. In October 1977, a modified Navy" avxgauon
satellite, was placed in orbit. In addmon naviga-
‘tion equipment; this Transit carries two;spccxal‘l‘,
instrumented transponders or radfo relays called:

translators.. These translators will be used to test

a Tridest Missile Tracking System -(SATRACK)
and to check out and-calibrate range safety ground
stations and equipment.

‘Since the early 1970s,"a Transit 1mprovemcnt
program has beén under way. The improved satel-
Yites will provide greater survivability, as well as: a
disturbance compensation system to adjust for or-
bital disturbances-caused by solar radiation pres-
‘sure and atmg
inpted to be launched in the fall of 1979,
1¥in the spring of 1980. ’

AVSTAR Global Positioning System
(GPS) "is a joint sérvice program tb provide an
increased c.lpablllty for three-dimensional, high-
accuracgy, continuous; worldwide navigation. The

'.operauoml NAVSTAR GPS mll consist of 24 smel

eric drag. The first of these satel.

* lites in ‘three orbital -planes at 20,400 kilometers, a

..

“ground segment for calibration and control of the
satellites, and 25,000 to 35, 000 user equipments of
various classes. The GPS wili provide all- weather
coverage using a common grid, enabling users to
passively determine paosition to within 10 meters
.and velocity to within .03 meter per second. A
lower cost. receiver will provide less accurate in-
formation (l()()—Q()O meters) suitable for most navi-
gational purposes. The system may also be used to
provide precise’ worldwide time transfer.

> "NAVSTAR GPS.is in the concept-validation
phase. Six satellites will be Lkiunched by the end of
1978. Development models of all classes of user
. eqhipment, including high-accuracy, low-cost, and
man-pack models will be extensively field.tested.

Navigation - chhnolog) Satellite Number 2
(NTS 2), developed l)‘, the Naval Research Lab-
+ oratory, was launched in”June 1977. NTS 2is prin-
+ cipally a test bed for advanced frequericy standards
" which are the key to the precise positioning capa-
bility of the NAVSTAR system. NTS 2 .carries a
. av1g1t10n p‘lyload identical to that to be lannched
“in 1978 in support of the system \ahdauon pro-
gram, :
Defense Metcowloglcal Satellite Program. The
D se Meteorological Satellite Progyam (DMSP)
coinued to providd high-quality visual and in-
frared imagery and ofher spccxalned meteorological
data to Sl port military operatlo.ns The DMSP
obtatns weather data for the entire Earth four
times a-day, using two. satellites” in polar orbits.
These weather data are stored iboard the satellites
“and’later transmitted to Air Force Global Weather
Central in Nebraska and the \Fléet Numerical
Weather Central in California. The imagery is also
transmitted in redl time to trdnsportable read-out-
stations at_key locations worldwide to support tac-
tical operations. During 1977, the first of the new
generation Bleck 5D satellites. became operational
providing visual and infrared cloud cover imagery
of heretofore . unequalled quality. The second

. Block 5D sateltite was launched into a dawn-dusk

.. orbit and was declared operational in July 1977. In

addition to imagery, both of these satellites provide
high-quality vertical tcmperature and moisture
profjle data’ for the entire globe and provide pre-
cipitating electron counts from the auroral regions.
The second of these satellites also provxdes data on
the state of the ionosphere. ;

A joint Air Force/Navy program was initiated in
FY 1977 to*develop and. procure a four chanhel (19
MHZ-94 MHZ) passive microwave imagcr for
DMSP. The sensors will provide data on precipita-
tion location, rate, and type; soil moisture; and on'
sea surface/atmosphere- interface. Feasibility “has

o _, . 35
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" been demonstrated by measurements conducted in

1977 by the Naval Research Laboratory. Four ef
the sensors are planned for deployment on DMSP
satellites in 1980-1984. DoD continued to coop-
erate with 'NASA and the National Oceanic and

" Atmospheric Administration in development of

the Tiros-N domestic weathey &dellite. The
Tiros-N satellite will use an. adaption ‘of the
DMSP ‘Block 5D spacecraft but with' different
sensors. _ : .

Space Shuttle. The Concept Validation® Phase
for the Inertial Upper Stage (IUS) (formerly the
Interim Upper Stage) development for Space Shut-
tle use is planned to be completed in February
1978. This phasé has defined four IUS configura-

‘v tions to meet the high-altitude mission : require-

ments of the DoD and NASA. The- Full. Scale

- Development Phase of the IUS is planned to begin
"irll March 1978. T

The Air Force acqui‘\ition efforts for a Shuttles
launch and landing capability at Vandenberg fAir
Force Base, California, continue with definitiol¥ of

the facilities and support equipmeént requirements

planned for completion during 1978. Design cfforts
f}ir, the plapned Yacility construction in FY 1979 are
wgll under way. The environmental statciment as-

sociated with the planned. construction activities

has been released for public comment.
- Space Boosters. The DoD family-of space boosters
is comprised”of the Atlas and Titan III standard

launch vehicles and the surplus IRBM.SM-75 Thor -

and surplus ICBM Atlas E/F vehicles. These
boosters launched, 12 DoD space missions duriig
1977: 5 Titan I1Is,'T SM-75 Thor, 4 Atlas, 1 Scout,
and 1 Delta (the Scout and Delta being launched
by NASA for DoD). To'cinrecL re]hbjlit& deficten-

_cies in the Titan III, am effort to integrate the

Inertial Upper Stage and its redyndant avionics

into the Titan 111 family of_launch_ vehicles was

initiated in June 1977... ,
Space Test Prog;‘arilQ The space test program pro-
vides spaceflight test and evaluation for DoD R&D
experiments and certain operational spacecraft not
authorized their own means for space flight. The

- two' payloads flown in 1977 were*the Navy.Naviga-

. tion Technology Satellite (NTS 2) .a/nd a geodetic

. the first Gf three such geo-
detic satellites being placed in orbits The remain-
ing two NAVPAC's are scheduled for FY 1978
launch. . . o S

Environmental experiments are to be flown on
NASA's Long Duration Exposure Facility (LDEF).
The LDEF is a_reusable, gravity-gradient-stabilized.
free-flying structure on which many experiments
can be mount?. It will be placed in orbit by the

r

package (NAVBAC),

Shuttle and rémain there for at least six months

6 - ~ .
s N 12
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' before.being’rctricved. This will allow the cffects

on materials' td be tested. NASA agreed to assign
at least four of the LDEF ‘trays for DoD use on
Orbital Flight Test No. 3. : - '

Space Research and Technology

- !
Space-related’ research and technology by the De-
partment of Defense includes effort defining the

space environment and assessing its effect on the

performance of DoD -systems operating within it.

- One program-is to measure -atmospheric density

and cemposition by means of rocket “observations
and accelerometers on satellifes. Anotlier continued
interest is the measurement and monitoring. of
charged particles.and electric fields in space. Data
from an- carlier satellite (S72-1) -continue to ‘be
used for improving models of the particle popula-
tion of the Earth’s Van Allen radiation belts:

The Defense Advanced Research Projects Agency
(DARPA) is developing concepts, designs, and
technology for advanced strategic surveillance from -

. space. New concepts in optics, detector arrays, and

signal processing will provide a capability, for a
wider range of future mission options. The

DARPA’ 301 gamma-ray spectroscopy project, to he__
Jaunched in mid-1978, employs state-of-the-art in-

trinsic germanium sensors and. newly developed
long-lived mechanical cryogenic coolers for remote
location and characterization of radiation sources
in the upper atmosphere and near space. Respoil-
sibility for this project- will be transferred to the
Air Force at the end of FY 1978. Progress in detec-
tor arrays has allowed DARPA to initiate the',
Teal Ruby experiment to demonstrate detéction of
strategic vehicles from space. Currently scheduled
for launch in March 1981, this experiment will
gather spectral and spatial scene-intensity data and.
provide a demonstration of advanced detector
technology. . - coe

Solar Radiation Monitoring Program. The Navy
solar monitoring program in 1977 consisted pri-
marily of developing additional applications _for
operational predictions of propagation phenomena
affecting' HF and VLF radio systems. Solrad:Hi antl
GOES satellite data provided significant real-time
solar measurements for the prediction systeni under
evaluation at the Naval Communications Station,
Stockton,. California. The Naval Research Labora-
tory pursued basic research studies in solar physics,
solar terrestrial relationships, and plasma processes
to determine these so]ﬁeﬂfects on Navy systems and
operations.

.~ As part of the continuing Air Force technology

program in propagation:environment prediction,
solar processes are being investigated and solar
emissions are measured. The programs in solar

F) 3
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emissions include thc [hCOTC[lC.l] study of the proc-

‘esses leadmg to. solar flares. The Air Force Geo-

physics Laboratory works closely with the National

“Science %und.mons Sacramento Peak Observa-

‘tory. Air Force scientists are developing technignes
to forccast the time-history of high-cneygy solar
particles that may impact the” Earvth following a

-major solar. flare. The Air Forcesis installing a

worldwide radio-solar-telescope network for s
with the Solar ()puc.ll Observing Network.

Air Force scientists are.also participating in
rocket and satellite opscrvations of solar ultraviolet
emissions. Working /closely with NASA scientists,
Air Force personngl are studying the variation- of
solar UV observed by spectrophotometers ‘on At-
mosphere Explordr C, D, and E satellites. Rocket
flights designed tp measure’solar UV flares between
230 and 1220 Aggstroms continue to be flown and.
in conjunction -
deveclop modelsfof the solar UV emission spectrum.

Environmenfal Remote Sensing. Significant Navy
.1ccomphshmcx ts in 1977 ihcluded the, completion

of the installation of the Satellite Data Processing

Center at the| Fleet Numerical Weather Central,
Monterey, Calffornia: The center will process real-
timc_‘datn fron the Defense Meteorological Satel-
lites (DMSP)/, and will reccive and process real-
time satellite/data from the NASA ‘Seasat-A project
after the sagellite is launched in May 1978. Data

‘from these satellites will provide global ocean data
for inputs to atmospheric. and oceanographic op-

erational nnalysis and forecasts. Significant p'rogress
has been made in developing applications of in-
frired imagery from DMSP and NOAA satellite
data in observmg sea-surface thermal structures and

,loc1t1ng oceanic fronts, eddies, and water masses.

Several fleet exercises conducted durmg the year
demonstrated the potcntml of using satellite-col-
lected sea-surface temperatures for tactical applica-
tions in Antisubmaripe *Warfare and Undersea
Warfare. The. seasurface. temperature measure-
ments and analysis c.lp1|)1]1ty also supports the
Nationa! Climate Program,

The Air Force Geophysics Laboratory continues

to monitor space. énvironmentinduced effects as

observed at the surface of the Earth. Using trans;
missions from beacons on both orbiting and’ geo:
stationary satellites, scientists are me1smmg iono-
spheric scintillation and signal time¢ delay at a
number of ground stations around the globe. These
measurements indicate’ signal statistics (fade mar-
gms message reliability) for satellite communica-
tions systems and positional accuracy for navigation
satellite systems and Air Force survelliance radars.

The Air Force Space Technology pxogmm under

< overall management of the Space and Missile Sys-

ith satellite, measurements, used to’

,4‘

tems Organization (SAMSO) is oriented toward
dC\c]opment and orbital demonstration of ad-
vanced prime mission equipment and supporting
sitbsystems. The primary -objectives of - these new
‘(lC\c]opmcnts are performance, survivability, and

veliability.
In advanced space communications, the meoln

Experimental Satellites (Les 8 and 9) concluded a

highly snccessful test program which demonstrated
spread-spectrum, jam-resistant EHF and UHF com-
munications with aircraft, ships, and Earth termi-
nals. Advanced electromagnetic and physical sur-
vivability techniques were . tested. The Les 9
satellite was turned over, to ‘Air Force Communica-

tions Service in October 1977 for operational em-.

ployment. Rescarch and development tests coun-
tinued usmg the Les 8 satellite.

The tcchno]ogy of satellite space power systems
advanced with the fabrication and testing of high-
efficiency silicon and gallium arsenide solar cells
and the orbital demonstration of a nickel- hy(h‘ogen
I).mcxy intended. to replace cwrrent nickel-cad-
mium spacecraft batteries.

In advanced ecarly warning sensors for missiles,
Space and Missiles Systems Office (ontmued the
dcxelopmcnt of critical components of a mosaic
staring sensor. Such a sensor offers mherent per-
formance and survivability advances over current
line- sc.mnmg sensors. The objective is earlier, more
precise detection of lnunchcs of hosu]c missiles.

Spacé Ground Support

DoD space activities are principally supported by
the Army’s White Sands Missile Range; the Navy's
Pacific Missile Test Center; and the Air

Satellite Control Facility, and Arnold Engineering
Development Center. These facilities are available
for use by Federal agencies, indust‘ry, and other na-
tions and support a wide variety of test nnd eval-
uation activities.
Eastern Test R(mg(' (ETR). Thc ol)]cctnc of the
Air Force’s ETR is to provide support to a variety
cof DoD space and ballistic. missile operations,
NASA space programs, and commercial or inter-
national sateldite launches under the sponsoxship
of NASA: Current improvement emphasizes the
enhancement of telemetry, radar tracking . and
range safety. Dunng FY 1977, ETR provided sup-
port to Navy testing of Poseidon and Trident bal-
listic missiles. Launch and data acquisition support
were provided to N: ASA’s Vlkmg program, satellites
for commercial organizations and forcign govern-
ments, and operational space payloads for the Air
Force and NASA. ETR was also actively engaged
in condhrcting pl.mmng and analyses in support of
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the Space Shuttle, which will be launchéd for or-
bital test flights from the Kennedy Space Center
in 1979. . ' _
Space and Missile Test Center (SAMTEC). SAM-
- 'TEC manages, operates,.and maintains the Western
Test Range (WTR) in support of DoD and NASA
tests. WTR is a national range providing range
tracking, data acquisition, and flight safety support
. for all ballistic missile, space- launches, and acro-
nautical tests,at Vandénbcrg Air Force Base, Cali-
fornia. The number of launches remains at ap-
proximately 50 ballistic apd space launches and
.60 aeronautical flights pv.vtycar. Major programs

include Minuteman, Titan, F-15, E-3A, Bomare,
and Thor. SAMTEC is actively engaged in plan-,

ning for Space Shuttle launches from Vandenberg
- AFB, which involves extensive construction of
launch, maintenarice, and logistic facilities. = -

Satellite Control Wacility (SCF). The SCF con-
tinued to operate in a near flawless manner dur-
ing 1977 Eightecn lunches (18 DoD and NASA.

5 ballistic) , 63,220 satellite contacts, and 51,551 net- .

work hours were supported during FY 1977. The _

major portion of the restoration of Guam Track-
, ing Station was completed. Modifications to the
network to provide essential support to the carly
NAVSTAR-Global Positioning  Satellites were
made¢, and various communications and data sys-
tems improvements ‘were also completed. To reduce
data processing at remote stations, a four-year pro-
gram to centralize data proéessing at the Satellite

Test Center was begun. By eliminating unneces-
sary equipment and associated manpower, this con-

solidation will produce significant savings by 1982.
Development of SCF-compatible Timed Division
Multiplex telemetry equipment was completed. Its
procurement and network modification will begin
in FY 1978. Studies of SCF support requirements
generated by the' DoD’s transition to the Space

Transportation System were continued.

*Arnold Engineering Development Center (AE-
DC). AEDC is the Free World's most comprehen-
sive complex of technical and support facilities
designed to simulate flight environments on the
ground. AEDT’s work ranges from basic ‘research

and development associated with' environmental -

testing to full-scale flight-hardware testing. In 1977,

AEDC provided over 45,000 test hours in suppert
of programs such as B-1 and F-16 aircraft, Air
Launched GCruise Missile, ‘Sea Launched Cruise
Missile, and support to the Energy Rescarch and
- -Development Administration.

AEDC is acquiring the Aero Propulsion Systems -

- Test Facility (ASTF), which will he capable of
simulating the severe flight environments experi-
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enced by present a.nd future aircraft of larger sizes
and higher speeds. With it, AEDC will be able to

fully test air-breathing propulsion systems on ‘the =

‘ground prior to flight, thus minimizing extensive.
flight tests and avoiding possible costly modifica-
tions to completed propulsion systems. ’ :

‘White Sands Missile Range . (WSMR). The

“Army’s WSMR continued to provide support to.

DoD and NASA aeronautics and space programs. A
full spectrum of launch, flight, and recovery serv-
ices was provided, including ground and flight
safety, surveillance, command and ‘control, data

"acquisition, and analyses. Army and Air Force pro-

grams include the Space Shuttle, Astrobee rocket,

Aerospace Sounding Rocket Vehicle,” and: the At -

mospheric Measurement Balloon Program. NASA
programs that were supported included the calibra-
tion rocket program, upper atmospheric rocket
sounding program using the Acrobee rocket, nu-

merous smaller rocket systems, and a variety of

astronomical test programs.

Pacific Missile Test Center. The Pacific Missile
Center operates an extensively instrumented Sea

. Test Range off the coast of Southern California. Inn

addition, the Center has radar and telemetry capa-
bilities at the Pacific Missile Range Facility on the
island of Kauai, Hawaii. These facilities in 1977

- supported the DoD Global Positioning System,

providing radar tracking, telgmetry, and command
destruct capability for the launch sequence, and
using the NASA Advanced Technology Satellites

(ATS 1, 3, and 6) for data relay. The Center is -

also ‘engaged in planning support, of the NASA
Space Shuttle Orbiter. .
.. Kwajalein Missile Range (KMR). The Army's

Kwajalein Missile- Range continued to provide, _

maintain, and operate a national-range to support

technological advances in both offensive and defen- -

sive strategic weapon test programs. KMR is our
only range with the technical capability to obtain
critical data associated with terminal ballistics of
intercontinental ballistic missiles and support de-
fensive testing technology. KMR radars have also
provided backup tracking data for the NASA space
program. ' ' I
National Parachute Test Range. During 1977
the National Parachute Test Range continued sup-
port of NASA and DoD space programs, primdrily
for programs requiring an application of parachute
subsystems. Principal programs supported were: the

Air Force aerial retrieval. system, NASA Space .

Shuttle: booster recovery system, and the NAV-
STAR Global Positioning System,

4. '
‘~- ) v .
a4 »



Q

ERIC

Aruitoxt provided by Eic:

/,

Aeronautical Activitiés

| e
Aircraft and Airborne Systems

F-16 Multimission Fighter. After an extensive re-
view of. all aspects of the F-16 program, full pro-
duction was approved; the ‘first of the programmed
1388 aircraft will be delivered in August 1978. The
full-scale development test program continiied on
schedule, \with five aircraft currently flying and
three more scheduled for 1978 delivery. The F-16
European partners—Belgium, Norway, Thq Nether-
lands, and Denmark—signed formal agreements in
May 1977 for 348 aircraft.. With' almost $2 billion
of ‘F-]6 contracts in Europe, this is the largest co-
production program ever initiated and 2 sxgmﬁc mt

' step toward standardization of NATO weapon' sys-

tems. Iran became the first official Forcign Military
Sales customer by signing an agreement to pur-
chase 160 aircraft.

B-1 Bomber ngmm Plans for production and
deployment of the B-1 have been halted, but de-
velopment and testing have continued. so the tech-
nical base will be available should alternate strate-
gic systems run into difficulty.

Three research, development, test, and evalu-
tion aircraft are currently flying in the test program
at Edwards AFB, California, to measure overall
performance, gather data on structural air loads,
arld evaluate the offensive avionics subsystem, Pri-
mary emphasis has been pldced upon low-altitude

‘terrain-following penetntion equipment, weapons

delivery capabilities, navigation, -communications,
and overall system performance. e
A-T0 Close-Air-Suppovt Aircraft. The Air Force
plans to procure 733 A-10s to provide a specmllzc}a
close-air-support aircraft. The A-10;s research and
development is complete, except for new systems
being -added to improve effectiveness. Of the 339
aircraft approved for production, approximately 75
have been delivered to Tactical Air Command.
The first opelatlonal squadron was ®ctivated in
]d’ne 1977; the planne‘d initial operational capabil-
ity was accomplished in October 1977, approxi-
mately three months ahead of schedule. Favorable

- reliability and maintainability have continued, so

the. anticipated low operating costs should be
realized.

F-15 Air Superiority Fighter. The last of the F-15
development Rogram milestones was succcssfull)
passed early in 1977. A limited development effort
will continue to complete threat updates to tlpe

electronic countermeasures equipment and various’

other component improvements. -
Production deliveries of the F-15 continued at

- ‘the rate of nine aircraft per month throughout the

year and a total of more than 250 aircraft had been

v
. Y

_attack aircraft .in the mid-1980s.

-
.

delivered to the Tactical Air Command and United

States Air Forces in Europe by the year's end. The

second and third of *a planned six. combat wings’

were ‘activated during the year at Bitburg AB, Ger-
many, and Holloman®AFB, New Mexica. .

=18 Carvier-Based Strike Fighter. The Navy's
McDonnell Douglas/Northrop F-18 aircraft will
hecome the replacement for the remaining Navy and
Marine F-4 Phantom fighters as thcy reach the end
of their service life. An attack g‘crswn of the same

aircraft will begin replacing the aging A-7 light
Introduction of

this aircraft into the fleet will provide the tactical

~commander at sea with a high- performance, agilc

strike fighter, c1p1blc of (lcfmtmg the pr olccted air
threat and surviving ovel hostllc territory. The
F-18. though not as SOl)hlSth‘l[e(l as the F-14 Tom-

time air superiority. The Secretary 'of Defense has

—

/

cat, will complcmcnt the F:14 in m‘nnmmmg mar\

“approved full-scale dcwclopment of this—aireraft,

with first flight planned for October 1978.

F-144  Carrier-Based  Taclical [‘zghl(n F-14A
Tomcat squadrons are now routinely making ex-
tended deployments on carriers of the Atlantic and

- Pacific Fleets.. Twelve opcgational and two training
squadrons have completed transition to this aircraft.

and two additional 'squadrom are plognmmcd to
receive the Tomcat in 1978. The F-14A continues
to prove its versatility as a hlg}ﬁy maneuverable and -
agile figiwer.

AV-8B. The success of thc AV-8A aircraft in sat-

' isfying the light attack verucal/short takeoff and

landing (V/STOL) requirement of the Marine

- Corps has led to the development of the much ‘more

-

capable AV. 8B. .
The AV-8B is an 1mplovcd vectored- thrust

V/STOL aircraft based on the AV-8A concept and

4

the current Pegasus 11 engine. The/mrplane incor- 2

porates a supercritical composite wing, redesigned
inlets, and lift improvement devices. The AV-8B.
produced by McDonneH-Douglas Corporation with
Hawker Siddeley of the United Kingdom as the
princfpal subcontractor, will be equipped with
‘lingC -rate bombing systems for improved accuracy
in weapdn delivery.

The AV-8B program has cemplctcd the initial
phase of full-scale wind tunnel testing at NASA’s

" Ames Research Center. The NASA_data confirm

that the AV-8B aircraft will have superior V/STOI.
charactcristics with approximately double the range

r payload of the AV-8A. Two YAV-8B YAV-8B
pxototypc) aircraft are under contract with McDon-
nell Douglas Corp.

Advanced Medign STOL Transport (AMST).
The AMST completed Phase I prototype program
in 1977. Objectives of the advanced development
program were to demonstrate STOL technology,
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evaluate operational utility, and provide an option
for modernization of our aging tactical airlift force.

The AMST prototypes demonstrated these objec- -

tives. However, .the projected production and op-
erating costs of this sophisticated aircraft design are

‘not sufficiently offset by its operational utility to,

Justify continuing the program. . : ’
The Boeing YC-14 and McDonnell Douglas YC-

15 prototypes completed their flight testing in Ay- #

gust 1977. These four aircraft accumulated 1397
flight hours and demonstrated satisfactory perform-
ance against all-goals of the Phase'I flight test pro-
gram. ' _— |
UH-60A4 Black Hawk. The Army requires a heli-.
copter that provides combat support and combat’
service support necessary to sustain ground forces
engaged in land warfare. -

Air frame enginecring development contracts

were awarded to Boeing Vertol 'and Sikorsky in
August 1972, with a’ contract to General Electric

for development of the T-700 engine preceding the

air frame awards in March 1972. During tKe com-
petitive development phase, each. airframe contrac-
tor built three flying prototypes and flew over 600

flight test hours. The government flew over 700

hours during the “fly-off” evaluation. The T-700
engine cxperienced over 80,000 hours of develop-
ment and field testing. : .
Sikorsky was awarded an $83.4-million produc-
tion contract on December 23, 19% dor 15 aircraft,
with options for 853 additional™ tack Hawks ovér
the next threc yeag. First production delivery is

schéduled for August 1978. General Electric was .

simultancously awarded.a $38.3-million engine pro-
duction contract._ '
A(lvanced/‘luack Helicopter. After-a. prime, jir-
frame contrdcyor was selected jh December, 1976 to
continue development, Phase H—full engineering
development—continued during 1977, The primary
emphasis is the total systems integration of the

~armament and fire control. Competitive contracts

Q
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were awarded in March 1977 for development of
the target-acquisition-designation and pilot-night-

- vision subsystems, which are parts of the fire control

system. Aircraft efforts were directed toward design
and testing of the airframe modifications stemming
from evaluation of the Phase I aircraft in 1976.
Fabrication of the additional flying pirototype air-

craft was deferred until 1978 because of fiscal re.

P

structuring of the program. - -

Cobra/Tow. The Cobra/Tow program, dnclud-
ing a-retrofit of 290 of the existing Cobra helicop-
ters and. purchase of 324 new aircraft with the
highly effective Tube Launched Optically Tracked
Wire” Guided (Tow) Missile, was continued in
1977. Deliveries of the. retrofitted Cobra helicopters
began in June 1975 and were completed in October
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1977. Testing the upgraded engine, transmission,
aned dynamic components—Improve Cobra’ Agility.
and Maneuverability (ICAM) —was completed in
May 1975. These I€AM components are incor-

- porated in the 297 new aircraft on which deliveries ,

began in March 1977. The Army's plans include
the retrofit of an :1dditiong‘1 400 Cobra helicopters
and a modernization program of the Cobra/Tow -
feet. The modernization program will substantially
increase secondary armament capability; survivabil-
ity; and the reliability, availability, and maintain-
ability. The modernization program also includes a
new main rotor blade of composite materials now
in final demonstration’in the technology base that
will “increase survivability and double the blade
life. < N ' :

CH-17 Modernization. The GH-47 moderniza-
tion program i designed to increase the life of the
CH47A, B, and C models and improve the per-,
formance of the A and B models. The intent is to
'modify three prototypes through development and

- testing of seven moderized systems; rotor, drive, hy- _
draulic, electrical, advanced flight control, cargo .
handling, and auxiliary power unit. Integration of
these syStems will improve reliability, availability,
maintainability, safety, and survivability.

E-34 Airborne ¥Warning and Control System
(AIACS) . The first E-3A-AWACS was delivered to
the Tactical Air Command at Tinker AFB, Okla-
homa, on March 24, 1977 gF his delivery cu}?ninnted

" a successful program to develop a high powered

airborne surveillance system capable . of detecting

,and tracking aircraft at all altitudes and over all
terrains. - ,

EF-1114 Tactical Jamming System. The EF-111A

~ is being designed to provide ground and airborne

Jradar jamming in support' of all tactical,nir mis-

» _sions. The peacetime mission will be to provide

training in electronic countermeasures for our own
air defense and tactical forces. Flight testing of the
two prototypes was "Injtiated ‘in March 1977 and
“May 1977, respectively. All contractor flight testing
was completed in September 1977. Government
Development Test and Evaluation (DT&E) and
- Imitial Operational Test and Evaluation (IOT&E)
are scheduled from October 1977 through April
1978. : :
Tomahawk Cruise Missile. Tomahawk is a high-
subsonic-speed, turbofan-powemed, long-range cruise
missile sized tobe fired from a submiarine torpedo
tube, but-also capable of being launched from sur-.
face ships, aircraft, and mobile ground platforms.
This missile is being developed in two forms, a con-
ventionally armed antiship version and a nuclear-
armed land attack vérsion. : ..
The antiship Tomahawk is ‘essential’ to Navy
general-purpose forces in.-a sea-control offensive/
2
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“electronics ‘'with a time-tested,

a

defensive role. Tomaliawk will providevan impor-

tant complement to carrier-based -air in extending
the Navy's antiship capability over a broad ocean
area. If they are to have a flexible sca control capa-
bility, Navy forces must be able to challenge the
encmy at sea when neither side has air support.
Tomahawk is designed to provide this capability
through deployment of long-range offensive power
on a variety of platforms. The stand-of c1pability
afforded by Tomahawk will pose a credible threat

to enemy surfaces forces at minimum risk to our -

launch platforms.

The primary need for the land-attack Tomahawk
is in the theater role, where its single-warhead,
liigh accuracy, penetrativity, and survivability make
it particularly suitable for use in limited nuclear
_attacks.

Tomahawk is planned for instal’lation on a\ttack
submarines, cruisers, and Spruancg-class destroyers.

A ground-launched version of Tomahawk is being

developed for the Air Force.

Pave Low II1. The Air Force's prototype H-3
combat rescue helicopter gqunpped with Pave Low"
II1 completed initial flight testing in 1977. Using
forwﬁird -looking mfrared devices, terrain- avondance/
l'ollomng radar, and inertial/Doppler navigation,
the system permits low-level penetration of un-
friendly territory and aircrew recovery under con-
ditions of total darkness and adverse weather. An

;invaluable addition to the military rescue fleet,

Pave Low III blends the latest, state-of-the-art
long-range rescue
~vehicle to provide the only system of its type capa-
" ble of surviving the intense hostile envnronment
predicted for tomorrow’s combat situation.

Joint Tactical Information Dzstrzbutxon System '

(JTIDS). The JTIDS program obijective is to de-
velop a highly flexible data network to satisfy mul-
- tiple tactical operational users. When deployed it
will provnde high-capacity, jam- -resistant, low-prob-
ability-of-intercept communications to_interconnect

- all participa'nts in an area of tactical military op-

erations. JTIDS employs modern spread- spectrum

and time-division multipleaccess technology to-

provide multi-access, jam resistant communications
as well as accurate relative navigation with other

" cochannel transmissions such as IFF and Tacan.

Whth the Air Force acting as lead service, all
rvices are participating in this program, and a,
]oint program office has been established. Initial
oper"monal application of the early phase of JTIDS
will be.in the Air Warning and Contrt] ((AWACS)

- aircraft. When fully deployed, it is anticipated that ,

JTIDS will afford the means for. close coordination
of forces of all services. .

’

’ -

Aeronautibal Research and Develapment

Aircraft Structures and Madterials Technology
Each of the services has rescarch and deveg)pment
programs directed ‘toward its needs for improved
“structures and materials for aeronautical and space

‘ applications. Ameng these is the Navy’s engineering

develppment program initiated to develop a fiber-
glass composite rotor blade as a replacement. for

* the CH-46 metal rotor blade.* The fiberglass rotor “

blade is designed to be corrosion resistant, provnde
no environmental degradation, be insensitive to
small defects, have slow failure propagation with a
'cliange in stiffness warning, require only visual pre:

- ﬂlgll[ tnspections, and*increase mean time between

repairs by 500 percent. This blade will significantly
“increase the effectiveness of the CH-46 lielicoptei
fleet. ¢

The Navy's composite aircraft structures "pro-
gram continues to demonstrate significant progress.

‘Components which have completed laboratory static -

and fatigue tests include the S-3 spoiler, F-14 over-
‘wing fairing, F- 14 main- lan(ling gear. door/ and a

. wing for BQM-34E supersonic target vehicle. Addi-

tional components are being fabricatedto be placed

tended period to answer critical teclinical questions
as well as increase confidence in‘hgraphite com-
posites. This’ program wi provn%e the Navy with
long-term experience in composite structures in an
operational ° environment, extend design and fab-

. on -operational aircraft and monm\ied over an ex-

rication technology to large primary structures, and .

establish  greater confidence in acquisition/life
cycle cost-projections. s

After several -years of development worK, com-
posite structures began to accelerate into the Army
inventory in 1977. Both the Black Hawk and the
Advanced Attack Helicopter began flying in 1977
with composite acrodynamic surfaces and, fusglage
structural components. The AH-1 Cobra gunship
received new composite main rotor blades and the,
CHAT cargo llellCOplel got the composite rotor
‘Iblades portion of its overall modiﬁcation/improve

{ ment program. A plan to “retrofit composite rotor

blades onto the UH-1 and OH-58 fleets was devel-
oped-to reduce the life cycle costs of"these opera-
tional aircraft. In 1977, research and development
efforts continued toward producing from composite
materials safer, lighter, and more durable rotor
lml)s.,cr'asliwortliy landing gear, and 1¢ss vulnerable
fuselage structures, with savings in weight and. cost.

Advanced Helo Rotor Sy'stem The Advanced
Helo Rotor System's objective is to prove the flight
feasibility of the Circulation Control Rotor (CCRY
concept with a full-scale system in which design-to-
cost goals and trade'off parameters will be estab-
lished for the rotor system. The CCR system is to
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be capable of replacing :l“C%l’Slfng hclicopfcr rotor
Jsystems without any inherent operational limita-

tion. Operating on the basic principle of a trailing-.

- edge boundary-layer blowing system, the rotor blade
is provided cyclic control by air modulation, clin-
inating conventional  rotor head complexities
(swashplate, lead-lag ‘hinges, and flapping hinges) .
improving - afreraft mancuverability,
maintainability, and reducing overall vibration
levels. The first full-scale CCR blade was fabricated
during April and the first full-scale whirl test of the
complete CGR system will-begin in February 1978,
The X-wing concept utilizes. CGR technology and
high-specd  rotor technology (Reverse: Velocity
Rotor). The X-wing program will demonstrate the
feasibility of the higlt-speed rotor and- X-wing con-
cept in parallel with. the CCR program; both pro-
gramsare scheduled for completion it FY, 1979.

Helicopter Acoustic Rescarch. Experience gaied
by correlation of in-light and wind-tunrnel acoustic
data has accumulated and a “quict” roior blade de-

-sign has been initiated. Instrumentation for a per-
manent: measurement system of in-flight far-ficld
noisc has been completed. A hover test facility is
being calibrated, apd an experiment to provide
acoustic data for a parametric variation of rotor

geometry is being inidated. These® efforts are all -

aimed at reduction of, acoustic detectability.
Advancing Blade Concept (ABC) Demonstrator
Aireraft. Helicopter technology#has progressed to
the point where many of the unsolved problems
are concerned with high-speed mancuverj flight,
Once design- concept which promiscsio%i:uc
some of these. problems in("mjpor:ltes co-axial, coun-
terrotating rotors. In December 19N, the Army
comracted with Sikorsky Aircraft (o design, co
struct, and flight-test this concept; thc'rcsglting aiy-

craft is called the Advancing Blade ConccpNi\BC)». :
The ABC completed its flight tests in the pure -+

helicopter mode in the spring of 1977, attaining
speeds up to 320 kilometers per hour. In a program
just getting underwav, the Army, Navy, and NASA
have joined forces to, fund high-speed (up to 550
~ kilometers per hour) tests of this concept. The test
aircraft has® been fitted with thrusting engines
(loaned by the Air Force) and is now preparing for
further wests. :

. Hcli('()pl(')_' Rotor Acrodynamics. Both ¢ivil and.

military helicopters suffer from =kigh "vibratory
-toads. These vib Jdoads increase operating costs
“ by causing frequent replacement of components and
contribute to pilot fatigne and passenger discom-

- fort. A number of investigations are underway to

Q

sunderstand  the  basic  acrod$amic mechanisims

causing these loads and to develop design 1ech-.

niques o alleviate them while imprm'ing or main-
taining acrodynamic performance. C
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The eflect of the shape of the tip of the blades
on noise and vibration is being studied. As a con-
seqquence of this program, the rotor tip on a test
U1 was modified into an ogee shape, reducing

. N . \ . R . -
. 1oise and vibratory loads, and, for this pardcular

Or, fnereasing :wl‘odyn:uﬁi(z performance. A rotor

vith an ogee vpshipe is preseiitly being fabricated

S testing next vear on the AS-1S Cobra. .
The French and the US. Army are pursiing™a

Jjoint” program to understand the role of tansonic

acrodyniumics in vibyatory loads. The French Tave
completed experiments on a mon-lifting rotor with
both square and swept rotor tip shapes. The Army
has found good agreement between  these experi

.ments and affalysis for the sqn:\"c rotor tip and is
¢

now performing the analysis on the swept tip shape,

An investigation of a ligh-enérgy rotor systén re-
sulted dn the demonstration of An O11-58 modificd
to provide high rotor inertia that could munorotate
safely from any altitude and speed. This investiga-
tion will continue next vear l&dcﬁnc the design
constraints of such a rotor svsten.

Helicapter A('rml)'nu'mf(j Launch Environment,
Attack helicopters experience a number of Taunch
transients, such as vibration, rotor downwash, and
rotation/ translation of the aircrafte Because these
factors affect the frst few meters of a missile’s
l'r:xjcrlo'l'y'. the result nt errors cause inipact disper-
sion at the weapon's potential toget. Model testing
on the AIL1G wilizing laser techniques, flow vis-
ualization, and rotor wake.theory has aided map-
ping of the rotor flow field. -In addition, low-air-
speed sensors have been tested and strategically
located on th¢ aircraft 1o provide the pilot with
previously unavailable aivspeed readingse Investiga-

‘tions by the Army are continuing o utilizé these

data for fire-control augmentation which should
ultimately improve weapon accuracy.

Remotely Piloted Vehicles (RPI’). The Army is
conducting a svstem technology program to demon-
strate that asmall atrborne RPV can obtain recon-
naissance and target acquisition information’ be-
vond the forward, edge of the battle arca. Its
application is for those high-threat situations where
probability of survisal of manned systems is. unac-
('('plul)l}: low. The full-scale RPV, ichluding‘ a TV
sensor d laser vange finder/designator, has a
wingspan of 3.7 meters and weighs 66 kilograms. It
o1 180 kiloggeters per hour, vet
will be extremely flifficult o shoot down. A con-
tractor validation PQrogram consisting of 65 flights
was completed in falv 1977, The Air Force and
Navy have limited RPV prograuts which comiple-
ment this’ Army program: \ o ‘

Helipopter Avionies, After @ syfeeessful competi-
tive, ‘(l‘gs:ig‘&)’el()-rf)sl engineering fdevel )mcnlﬂ_)m-
wranys thes AN ASN-128 Doppler n;nﬁi’;llim.]. sub-

ar;
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system cnluul production. lhc AN ZASN-128 will
provxdc Army helicopters a sclf-contwined tactical
T, navigation c.npal)ml) Range and bc‘mng to ten
ythed\pomls, fis well as present position, ure pro-
-vided to the crew. First applications will be to the

" “Black Hawk-and the AH-IS.

Competitive, design-to-cost cngmccrmg devélop-

ment contracts were awarded for the Integrated
JAvionics Control System (TACS). The IACS will
provi(lc an integrated panel for the control of up to
ten avionics “black--boxesf'. (radios, transponder,
- tomatic direction finder, etc)). and save cockpit
space and improve the man-machine interface,
Prototypes will be (lclnuc(lvdmmg FY 1978.
Electronics For Adiation. The pcxv.mvc role of
clectronics in acronautics and space continues to
\ - grow. The current generation . of Tlarge-scale inte-
grated circuits and techniques today is making
many elccnomc functions that were promised by
the transistor gcncmuon affordable and reliable.
The greatest impact hat been intthe arca of micro-
processors for control, iidance, and built-in test:
The advancés in clychro&[ics and microwaves have

. o . .. £ » L
also been mmpressive in their impact on the sensor

capabilitics of modern murcraft.
The direction of advanced clccnom(s for acro-
. nautics can best be shoun by examining three tech-

nologiecs--clectro- -optics, microwaves, and computers .

—and by how”cach affects a variety of systems.
ErrcTtro-OrTics TEcHNGLOGY. Electro- optics s
still an emergent and r.lpxdlv glowmg technology.
The .revolutionary development of the laser and
the evolutionary d(;\e]opmcm of low-cost. compuct
“television cameras have led to TV homing and
. Laser (lesrgn.ucd [frecision’ weapons. However, clec-
tro-optics technology is also mcoxpomlqd in many
other devices, ,such as infrared imaging devices,
charge-coupled lm.ngcrs and signal processors, 1111{,

E

laser. gyros, fiber optics, and dmpl.ns Recent sig-

mﬁ(.m[ applications are:

o laser (lcstgn;uors have progrcsscd farthest to-
ward operational systems in the form of light-
weight target designators and range finders.

. The PAVE SPIKFE system, ahen integrated
with “the F-'s avionics. permits davtime de-

livery of - laser-designated ordnance by the des..

ignating or other aircraft™ The PAVE TACK

- infrared imaging system will provide F-1Es and

- Fa411Fs with a (l.u night capability for rang-

ing, ll.l(‘illlg, and designation. The PAVE

PENNY compact laser search-and-track “svsteni

will allow various close-nir-support .m(rnll

such as the A-10, to pick up targets illumi-

nated by cither an airborne or ground-based
forward air coutroller.

. 'Inﬁ.ncd imaging (lC\'l(Cs.plO\ ide a4 night oy

cration’ capability for opuc.nl sc.uch and track
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¢ lcmcnl weather.

e .\ ajor advance.

e Ring laser

!
_systems’ in addition to lmpxovcd vision in.in-
Onc uiajor cmnph 1sis has been
lhc .q)pllcmon of mchnolog’y for cost reduc-
tion in the modular FLIR' (Forward- Looking
hifrarved), progr;lm;-‘ ‘which  will  enable

widespread employment of infrared imaging
. devices. :
"development of two-dimepsional arrays of in-

A major thrust for the future is the

frared detectors to provide increased scusitivity.,
resolution: compactness, and reliability.

in visible sensors has heen
achieved. in the (lC\;CIOpH]Cil[ of & muniature
solid-stitte
devices (CCD).
the scene, thereby climinating | the

This provides sclf scanning of
vacuum

tube, electron beams, hlgh voltage supply, and’

~filament. Apawrt from its size and reliability
advantage, the camera has exceptional dwmml(
range (500 to ounc), greater sensitivity lhm
vidicon tubeg for low-light level viewing,” 10-
megaher 11’1\7[.1 rates, and digital system com-
patibility with sampled data outputs. Current
technology “cfforts are directed toward farger
arrays for increased resolution and techniques
to extend the long-wave lgngth lc;»p0nw into
the infrared.

e I'iber ()lm(s research has l((lJ)ﬁlsp 1Q‘«”nh very

TV camera’” using charge couplcd'

N

low logs and to military’ qu ﬂm cohncuon and

transmitter-receiver modnles: Fl_l)uv optics in-
stalled on the A7 aneraft demonstrated the
potential for lower weight and volume by fac-
tors of 20, increased reliability, lower initial
and  life-cvele costs. elimination of radio fre.

quency interference problems, and redu -
nerability to battle damage. L

gyros arce the subject of a coordi-
nated Air Force, ,Navy. and Army program
from exploratory through advanced develop-
ment. ‘T'he ring laser gyvro has no Moving parts
in the conventional-sense; instead,the measure-
ment of frequency change of the taser heam is
used to detect attitude c¢hanges. This offers

~great potential for higher veliability and rve-

duced support costs. In addition, the laser gyro
will be more resistant to shock, vibration, ac-
celeration, and other rcquircmcnls of a quick-
|csponsc aircraft or missile cnvnonmcm An
ckperimental laser inertial navigator has dem-
onstritted an acenracy of hetter than mvo kilo-
meters per hour of ﬂxgh[ tine in actual flight
test.. which, iy about ten ,tiutes better than
previous laser‘gyro systems. Plans call for a
completed n.uignion system in 1978 with
production, units available as carly as 1980.

o. Electroroptic displays using liquid orystals and

light-aiitting diodes are replacing cathode ray
tubes and - infcandescent lamps for those applica-
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are at a premium. Current development efforts
are aimed at Tost-effective fabrication of larger

area displays. © .

RF AND MicRowaveE TECHNOLOGY. Microwave
technology for radar and communications is ton-
siderably more mature than electro-optics, but con-

- tinues to show surprisingly vigorous evolution.
First, for the signal generation function, solid-state
de\{ices s.?tisfying'thc low power and.low noise re-
quirements at frequencies from UHF to millimeter
waves haverseen a decade of discovery and develop-
ment. Second, there have been major advances in

,  our ability to.carry out sophisticated signal process-
" » ing¥n ever shrinking package sizes, _ :

e Gunn effect solid-state sources have completely
displaced low-power klystrons for local oscil-
Iél[O!‘ and test ‘generator applications ‘from 5
GHz (gigahertz) to 85 GHz because of their

low AM and FM noise and convenient operat-
ing voltages, typically 12 volts and less. Re!’

liable operation for over 100,000 hours is now
commonplace. 0. - '

Impatt diodes have shown impressive efficien-
cies and power output in the range above 6
GHz, where bipolar transistors have perform-
ance deficiencies. Combining the power out-

puts of . several 30%-efficiency diodes has pro-.-

duced over 50 watts at 10 GHz, offering a new
potential for medium-power solid-state trans-
‘mitters. The advances have been achieved by
increased understanding of the technology of

latest solid-state power source, the Field Effect
Transistor (FET). This device has recently

demonstrated an output of more than one watt

at 10 GHz, complementing its previously dem-
onstrated low noise characteristics for signal
. - detection.  Its wide band-width and efficiency
are of significance for §lectronic countermeas-
ures where a single jammer must handle many

‘ ‘ment efforts are directed toward increased yield
to enable large scale integration of very-high:
© speed FET logic cigcuits. , )

’ e For fundar'nenml- reasons, vacuum tubes con-
tinue to supply the high-power transmitter
sources needed for ‘search, acquisition; and
tracking radars. The emphasis here has been
an increased reliability and lower life cycle
costs. Combining pulge amd carrier-wave per-
formance in the sanfe tube package is being
* " pursued to achieve capability for electronic
countermeasures with reduced volume.
44 S '
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'~ tions where weight, volume, and ruggedness

gallium arsenide material. %/
Gallium arsenide is also importan® for the -

threats*at diverse frequencies. Current develop-

59

Te

. A.m:gjor technological thrust is in signal proc®
essing to sort out target returns from cluttered

g

backgrounds and to identify threat radars in a.

— dense electromagnetic signal environment.-
Charge-coupled devices, surface acoustic nvzzwe
filters, and microprocessors have all played a
role here. ' '

e An emerging interest is that of millimeter
~ (mm) waves, which refers to wavelengths of
one to ten millimeters, or corresponding fre-
quencies of 30 to 300 GHz. Potential applica-
tions f6r mm waves include target designation,

«

air-tolground. imaging, .guidance for beam-

ridin"g..imlis'siles, low-angle tracking of surface-
-+ hugging missiles and aircraft, and short-range
*  ‘communications. Radiometric area correlators,

: which are airborne passive wave radiometers,

are. demonstrating the ability to navigate by
using the natural radiation from surface fea-
tures on the ground. If successful, the system
will be very difficult ‘to countermeasure and

will operate in' moderate rain, and cloudy .-

weather, where «current infrared radiometer
systems have difficulty. ,

.

ComPUTER TECHNoLOGY. Exploitation of the
. phenomenal growth of, computer science is a major
~ area of technological emphasis within DoD. Given
the rapidly decreasing cost of hardware, a number
of computer-based research areas.offer the potential
of providing 3, major impact on the aeronautical
systems of the 1980s.and 1990s. Major advances in

“hardware and software are occurring.
vare, -

puters will revolutionize a variety of functions
in missiles apd aircraft.. Air-to-ground missile

. - . " .
e Low cost, compact, and reliable microcom-

target acquisition has been improved by adap-

tive threshold gating to enable the missile to

distinguish .a target from- the ground clutter -
and . noise.” Computer correlation of terrain -

Y features, sensed by radar or passive radiom-

eters, with previously stored mapping informa-
tion can now be used to update-the gyro con-
trols for precise navigation .over long distances,

Present aircraft contain.as many as a dozen
minicomputers, handling- functions such as
navigation, altimetry, fire control, weapon de-
livery, search, and flight control. The Air

Force’s Digital Avionics Information System |

(DAIS) is a test bed to evaluate new systems
architecture, 'in which .information is trans-
ferred rapidly between the various parts with
data processing at each sensor and data man-
agemént via similar executive processors. In-
creased flexibility and ‘moduilarity are_ the po-
tential benefits. L _ \\
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e In addition to lCS&lth aimed at developing
‘better computer hardware, DoD is also placing
increasing emphasis on using hardware capa-

bilities more effectively, primarily thfough"

software improvements. The .objective is cos}
reduction of the estimated $3 billjon DoD

spends annually on software-related problems.
The approach is to develop better tools for.the -

software designer and to standdrdize on a mini-
mumMumber of higher qrder languages.

Synthettc Flight Training “Systems (SFTS). Two
major events have occurred durmg 1977. First, the
CH-47 Flight Simulator (FS), using a closed-circuit
television camera which roves across a three- dimen-
sional-terrain model in response to the pilot’s con-

“trol ‘inputs, was completed. ‘The ‘significance of this

first. Army visual simulator is thg ability to perform
various flight maneuvers, emergency procedures,
and insttument flight at less cost and in corppletc
safety. : .

Second, the Army will complctc its ‘accegptance
for testmg of the AH-1 Flight and Weapons Sim-
ulator (FWS). Uging a camefa model board similar
to the CH-47 FS, But with a)wider field-of-view, the
AH-1 simulator is the first to incorporate weapons
engagement along with the other flight mancuvers.

- The evolution will continue with the development
of the UH-60 Black Hawk Flight Simulator which

will use a camera model board for one cockpit and
a computer-generated imagery visual system for the
other cockpit. Testing, to be conducted in 1979 will
evaluate the training benefits of .these two tech-
nologies. Coricept formulation is underway for the

AH-64 Flight and Weapons Simulator, which will

comptete the evolution from¢the UH-I FS instru-
ment_training system to a full ‘‘combat mission
simulator” with the capability to ‘produce the
sound and fury of the battlefield. De;z;bpment will
begin in 1979 with testing tQ be conducted in 1982.

Research in Aircraft Propulszon Systems The

Advanced; Turbine Engme Gas Generator (AT-

EGG) .program is the main Air Force propulsion
program assessing ‘core engine components under
realistic - test conditions. The program has tradi-
uonally assessed performance and has been incre
ing in scope to include life cycle Costmg and struc’
tural festing earlier in the engine development
cycle. Accomplishments in 1977 include scveral
:;‘cvcy(dl}d)emonstrations of variable-area turbines,
er cost, design concepts and manufacturing
methods, and burners with increased durability.

-Also realistic structural test methodologies have

been completed by all participating contractors.
The Aircraft Propulsion Subsystems Integration

(APSI) program is another joint ‘Air Force/Navy-

program. ngh-pressure turbine engine cores from

¢ was_Zompleted this year that promises to provic

)

AFEGG arc ‘combined ‘with low-pressurc compo-
nents (fans, compressors, and fan turbines) -and

inlets, exhaust nozzles, dftcrburncrs and control

'S)stcms to assess fullscale engines- from _the stand-

installation considerations. The Joint

point of
.Engine

Icchnologv Demonstrator

demonstrations of variable ‘cycle engire concepts
and verifying instalied per formance increases while

reducing fuel conmmpnon by matching the engine

cycle to clmngmg flight conditions. The JTDE ef-
forts are progressing toward demonstrations in FY
1978 and 1979.-

Alternate Fuels Program. The alternate fuels
program is part of a long-term- coordinated effort
among the services, NASA, dand the Department of
Eneigy to ensure that liquid, fuels obtained from
domestic resources such as oil shale, tar sands, and
coal will be ‘g@teptable in lngh performance en-

gines. The initial DoD ecffort is an experimental

program to ploduce aviation turbine fuels from
shale o1l and coal. Results to date provxdc encour-
aging evidence that the aviation mdusny can usec
fuel produced from the wast U.S. resources of oil

o

shale.
Research in Helicopter Propulsion. The helicop-

ter drive train and power plant have been sig-
nificant contributors to high agguisition’and high
operating costs. A number of pro.g(:l{ms are’ under:
way to reduce that cost by developing design tech-
niques that permit a gas turbineito achieve high
performance while maintaining a simple, durablé

design. An advanced centrifugal compressor pro-

gram’ is underway to develop a high-pressure-ratio
compressor with a single centrifugal stage to re-
place existing designs that have from two to five
axial compressor stages in addition to the centri-

- fugal stage. The Army entered into contracts with

Allison™ Division, Gengral Motors, and AVCO
chommg Division for a fougyear program to
develop advariced technology demonstrator engines
(ATDE) rated at 800 shaft “horsepowgr. The!ATDE
will reduce fuel consumption by approximately 20
percent while infproving the power-to-weight ratio
and reducing the installed vulnerable area by ap-
proximately 50 percent relative to current produc-

(JTDE) pro-
gram is part of APSL Accompllshments include ..

-

tion engines. The ATDE program -utilizes. the re-

sults of previous A¥my component research to
{M8vide a significantly more durable cngmc at an
affordableycost.

The drive-train program has focused on-the-po-
tentigl for significant weight reductions with in-
creas¢d reliability. An advanced coupling program

I-kilogram weight reduction Q) the UH-GUA.

. There are three active transmissfon programg to

build- ard -evaluate critical transmission coipo-
*
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nents. If these components are successful, transmis-
sion weight could be reduced by as much as 20
percent, while cost could beyreduced by 20 percent
and mean time hetween ‘transmission removals
could’be increased by.up to 100 percent.
Airdrop. The Airdrop Development Program has
solved the. age-old problem of inversion-type mal-
functions of the main” personnél parachute. The
anti-inversion net is_a basketball-type nylon nety
added around the circumference of the parachute
canopy at the bottom and extending 46 centimeters
down the suspension lines. The net prevents panels
of the parachute from blowing through opposite
suspensjon lines during parachute deployment. Tl
ranti-inversign net has not only eliminated the in-
. version malfunctions, but has produced a bonus
effect of ptactically no malfunctions of any type.
In over 90,000 jumps with net-equipped parachutes,
only two malfunctions occurred. This achieves re.
duced’ personnel, injuries and reduced parachute
" maintenance previously caused by inversion burns.
The modification program to add the anti-inver-
sion net to. field stocks was completed if 1977.-All
new main parachutes are equipped with the net:

. Relationship with NASA
Aeronautics and Astronautics Coordinatin g Board

The Acronautics and Astronautics Coordinating
Board (AACB). 1( the principal formal coordina-
tion mgch:mism\»betwecn DoD and NASA. Major
policy issues of mutual interest in acronautics and
space are addressed. :

Reimbmﬂgcment for Shuttle Services. I June

“1976 NASA offered for comment a preliminary

proposed policy on reimbursement for Shuttle serv- -

ices to DoD. This initial policy proposed consider-
ing all direct and- indirect costs-as a basis for estab-
lishing. a .price to DoD for a dedicated Shuttle
flight. At the October 13, 1976, AACB meeting the
Co-Chairmen agreed to explore simpler.approaches
«to developing a fair, reasonable price for-such serv-
ices to DoD. An approach has now been agreed
upon which is simple and encourages efficient op-
etations, early transition froth expendable launch
vehicles to the Space Shuttle, provides pricing sta-
bility, and establishes a mutually acceptable price.
The DoD reimbursement to NASA ‘will be based
ol the costs of materials and services, to be mu-
tually agrced wpon. The DoD will provide. the
- Vandenberg Shuttle lainch? support for all non-
DoD users in return for provision by NASA of all
Shuttle launch support from Kennedy Space Genter
and Shuttle flight operations support. for all DoD
flights. These services are projecied to-be of ap-’
proximately equal value to ¢weh ‘agency. DoD will

46
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~mated to cost $70 million, a

“ity of an adequate natign:

be charged a fixed pﬁcc for the firstsix ye'a.rs based

.on realistic average projected materials and seiry-

ices costs. For launches after, the first six years, the
price will be adjusted annually, based on forecasts
of annual costs for that year for materials and
services. Details of the policy based on this ap-
proach will be negotiated. ‘

FY 1978 DoD/NASA Facililies Coordination.
Preliminaty coordination “was begun between
NASA and the Air Force for examination of facil-
ity programs most likely to be of mutual interes€
or with high potential for duplication. The normal
budgetary review process within each agency re-
duced the number of proposals. The carly start and
detailed nature of the review, as well as the desire
to make most effective use of .resources, all con-
tribute to assuring elimination of unwarranted -

oD projects esti-
2 NASA projects
totaling $162« million. These facilitics. were in-
cluded in the President’ budget.

National Acronautical Faciliies Program: Threc
facilities - corstitute the Na'tioy{;d Aeronautical. Fa-
cilities Program: '

apdy NASA review involved

* duplication carly in the prociss. The final DoD
2

e The Air Force Acropropulsion’ Systems Test

Facility design is cemplete, construction hid-

ding is in progress, and the facility is proceed.

ing within costs toward beginning operatign in

1981. Congress appropriated the full $437 mil-

. lion for ASTF in FY 1977. :

‘o Modifications to the ‘NASA 40-2#80-faot low
speed wind tunnel are now in the*preliminary
design stage. Congress appropriated 36 million |
in FY 1977. The facility is scheduled for tom-

. pletion in 1982 at a total cost of $85 million.

e The NASA National Transonic Facility is in
the site-preparation stage. Congress appro-
priated $25-million in FY 1977 and ‘the facility -
is scheduled to operate in 1982. :

. Higher-than-expected bids on the “transonic-tun-
nel shell and motor caused NASA tg institute a
joint DoD/NASA- reexamination of the sng®nel
configuration.. It was concluded that while m'si(:
tunnel design is still valid, insulation and moylel
angular travel capability. need to be increased, so
the total cost will be about $85 million. The in-
crease is primarily in higher-than-estimated bids
(inflation) although some isattributed to necessary

‘design changes. DoD requirements have. not heen

compromised cither durihg de’sig?‘ or as'a result of
cost increases: .

Shuttle Orbiter Fleet Size The‘timely ayailabil.

\’l—)ﬂqet of orbiters to sup-

port military as well as civil users of the Shuttle is

essential if the full capabilities of the Shuttle are

]
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to be realized. Thé fleét size must be based on total
; national "traffic—foreign (and domestic, civil and
military—projected for the Shuttle. Extersive
studies conducted by NASA, with Air Fefce sup-
port, over the past two years plus detailed reviews
within the Administration have led to the decision

that NASA should pxoceed with thc producuon of.

four Space Shuttlé orbiters.

Use of Johnson Mission Control Center. Present’

DoD pl‘mnm “for its Shuttle launches.is pr‘cdlcntcd
-on the use pf NASA's_Johnsop Mission Control
~Center (JMCC) for simulation, training, and
Shuttle flight control for all DoD missions. How-
ever, as currently designed, JMCC cannot handle
payload. data for classified missions. A number of
optlons for accommodating classified DoD launches
in the? JMCC have been cmlqated over “the past
year by both DoD and NASA* Recently a low-¢st
approach has ijgen defined to modifying JMCC
which will adequately protect c}ﬁsnﬁed payload
}dunches on the Shuttle wnth minjymum disruption
. to civil users. The vqhdnuon of this appraach, the
« “controlled mode” concept, has been started.

P -~
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Rotor Systems Research Azrcraft (RSRA) A Jomt
Army-NASA contract for the design and fabrica-
tion of two Rotor Systems Research Aircraft has
produced twaoyresearch aircraft which will serve as
“flying wind(x

scale main rotor systems having from two to six
blades. The design also permits the addition of
fixed wings and thrugtmg engines that will permit
rotor testing at flight speeds.up to 450 kilometers

per hour. These two aircraft will provide data that.

will help solve aerodynamic problems -that are

cuﬂently mathematically intractible and cannot be

solved- without the aid -of prccnsej flight research re-
sults. The Rotor Systems Research Af"rcmft. with
ifs firgget of rotor blades, has completed its. first
phaseﬂ flight ‘testing as a pure- helicopter; it is
presently beigg fitted with wihgs and thrusting ep-
gines to enter further flight testing. in high-speed
maneuvering flight. After establishing. the basic
capabilities of ,the. research_ aircraft, they will be
used to test and’ optimize the performance of var-
ious candidate rotor designs and to.obtain data for
improvement 1;Lrotorcraft prediction methodology.

Tilf. Rotor Research Aircraft (XV15) Under a .
joint Army/NASA contract awarded in 1973, Bell-

Helicopter Textron completed the fabrication of
two Tilt Rotor Rescarch Aircraft (‘(V’fo) dmmg
the past year, The first of the two aircraft has been
» extensively ground tested on a-tiedown test facility;
its new design transmissions and vertical/horizontal

c

A,

mnels” for hehcopter research. The -
aircraft design will permit in-flight testing of fyll-

.

running engines ‘have now been operated for ap-
proximately 60 hours. The first aircraft has also
flown three hours of hover and low-speed tests since
its new-design transmissions and vertical /horizgntal
NV-15 is cdmpleting operational, tests under remote
control in preparation for full-scale wingsgunnel
testing in tha NASA-Ames 40-x-80-foot wand tunnel,
to be initiated in carly 1978, The seconid XV-15 is
ﬂ)cmg prepared for limited glounNstmg prioryto
entering contractor. flight..tests carly in"-1978 to
establish the basic Right characteristics for both
helicopter and airplane modes of operation. :
S;mn craft Charging Trrhnolog)’ The Air Force ™+
(,Loph)u(.s Laboratory (AFGL) is actively in-
volved in "the Joint USAF/NASA Spacecrafy
Charging Technology Program. In addition tg de-
veloping theoretical and empirical models of the
natural environment leading to spacecrafe ¢lectrital i
ch'n'ging at synclronous altitude, AFGI\ is prepar-
ing a handbook that wi]l document, the full range
of varialfility of charged particles and fields that
can be expected at this algtude. Data. from the Air
*Force Scatha satellite, to be launched im 1979, will
be included in-a fuuuc supplemcjf to the hand-
book. Scatha satellite instrumentation, supplicd by
the Air Force, will include electrostatic analyzers,
harged particle flux spzwmctcf‘s and clectron
and ion beam systems to’ assess the feasibility of
u‘ctivcly controlling. satellite. charging and: dis-
charging. Close™ coordination® between the inter-
-(lcpcn(lcnt activities of the Air Force and NASA
continue through the Joint USAF/NASA Space-
craft] Ch.ugmg Technology Program. Models of the
enefgetic electron flux at satellite altitudes will be,
instrumented to measure -energetic electrons in the
nangc 110 MeV. These measurements arc necded
. to determine the doesage rates that satellite IT)lClO-
.(omponcnts will be sub]cctcd to under opemuonal
scenarios. sy
_ Seasal-A Dala Processing. NASA and the Nav)
have agreed to a cooperative effort for Seasat-A”
data processing. The Navy will do real time proc-
essing of the NASA Scasat-A satellite daea ay the
Fleet Numerical Weather Central, and mak¢ ‘the
plocosscd data available -to NASA for distribution;”
to the user (‘ommumty The Navy will also demon-
strate the util ty of the Scasat d.lta as mputs to .
" global atmospheric and oc¢eanogr aphrc analyses. and
forccasts. This NASA/Navy effort”-Capitalizes on
the significant Navy plograms to develop ocearo- -
graphic applications for infraréd imagery Jfrom the .
satellite data, and to fuse the data in analysis of
sca-surface  thekmal structures such as lotating
occanic froiits, eddies, and water®masses. The sur-,
) face temperature measurement and analysis capabil-
ityfsupports the objectives of the National Climate
Program. Several flect exercises conducted in 1977

L4
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'-demonstrabtcd the potential of utifizihg satellite®

~collected sea-surface temperatures for tactical ap-
plications in undersea wgrfare.* o -
Standqrd Atmosphere. The joint effort between
National Oceanic and Atmospheri¢ Administrati®n

* (NOAA), NASA, and USAF which praduced the
[T
joint publication has ‘disseminated the wealth of

. knowledge of the uppgr atmosphere o{ftni’n'qd‘dur-
*ing the past solar cycle. Extensive rocket and satel-
lite data acquired qver more than one complete

[] } o . RN

solar  cycle are incorpgrated. This stratospheric *

measurcment capability will 'providc important
lspiri-off benefits to the Nation3l Plans for Stratos-
pheric Research and Monitogng which are now
being prepared at the Federal level as a result of
the growing concern ovér ozone depletion and en-

e vironmental deterioration. .

-t Astronaut Seléction. DoD is fully cooperating

“tandard Atmosphere (1976) continues. The

with NASA in their selection of astronaut cnn(_!j;‘
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1978 Av present .(1977) DOD has eleven officers

space flight experience. > -
" Technical Development Su_pp\rt. DoD has de-
tiiled 2 number of technically trained persons to
NASA roNgssist in programs of mutual interest. The
technologicf’l.‘tr;n'h_sfbé'r back to DoD in aunique func-
tiohal areay is important. The’ total *fiumber of
deiailecs undsr the program in FY 1978 is 59 145
from “Air Forcd. $ from Navy-, and-6 from ‘Army).
They are working in a variety of operatio\pal and
R&D programs but most are_ associated with the
Space ‘Transportation System. The' latter activities

include space mission planning, avionics and com-”

munications security, . crew procedures, payloads
software, legistics, and fhcilities construction.

_ .‘(l:urcs' tor 11)6’51)’11('0 Shuttle Program. The selections -
~ froniover 8000 dpplicants would be announced in

of whom hay¢ prior
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. . Introduction

» -
"+ The Department of Commerce agencies con-
N tributing directly to the nation’s aeronautics and
- +. Space programs include the National Oceanic and
Atmospheric Administration ‘(NOAA), the Na-
, tional Bureau of Standards (NBS), the Maritime.
" Administration (MARAD), the National Tele-
communications - and lnform.mon Administration
(NHA), and the Bureau of the Cénsus.

The’ longange goals of these org’nnuatlons are
use of the environment and its re-
sources; to pro ide standards and related services
for’ uniform. 4nd reljable physical mehsurements,
standard reference materials, and data to commerce,
mdustry, and government; to' improve ship - com-
-Munications, navigation, safety, and management
techniques; to proyide speclalrzed engineering, man-
agement,,and adv:sory assistanice on national tele-

-

‘communications ‘issues to other. Federal “gencies; .

and to proylde information on populatlon ‘trends,
/\urban grthh, angi internal structure of national
“land areas: .f\. 0y
These goals are accomphshed by operating and
improving the nation’s opérational environmental

." « things as gloh&t- food supplies, national energy
. problems, and envrronmental quality; by conduct-
ing fundamental research to Jmprove man’s under-
standinlg of the environment; by using satellite data
and aerial photography for chartmg coastal map-
- pmg, and geodetic research; by improving weather
».* - services through the automation of. forecast and ob-
servation stations, better ‘radar systems, and con-

*” tinued -atmospheric research by improving the
assessment and conservation of ‘all llvmg marine

"~ resources; by conducting telecommumcatlons and
inférmation” policy analyses, and navigation, tele-
ommunication, arid remote sensing studies to sup-
port communications services; by providing basic
meAsurement and calibration 'methods for operating
: techmcal systems and. ‘engineering data for the de-
-srgp and construction of sopFnstrc'lted space and
aeronau‘tlcs equipment; by usmg satellites to im- -
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Department of Commerce . |

&lmates

‘ geheration of. oper.ltidnal

. Satellite systems; by providing data to assess the im- "
‘pact’ of natural and ‘man-induced factors on such

-complete operation:

~
“
.

ot . L
prove navigatioh communitation, and sutrveillanct
of commercial ship operations; and by using satel-
- lite data for demogr'nphlc studies and poptilation

X

Sﬁéee Systems

’Satelhtt Operahom v ,

Polar- -Orbiting Satellites. During 1977, the Na-
tional Environmental Satellite’ Service (NESS) of

the National Oceanic and Atmospheric Adnuinis-

tration (NOAA) operated two satellites, Noaa 4 and
Noaa 5, of the Improved Tiros Operational Satel-
lite (ITOS) series.\Noaa 5 is the primary opera.
tional satellite and a 4 is the in-orbit backup. *
Development of the iros-N scries, the- third
ar-orbiting satellites,
is continuintg. This series of Wgellites will leplacc
the present” ITOS series beginmpg in late 1978.
?s -N, the NASA pr‘ototype, will be launchedn
1978; Noaa A/NOAA § first oper'ltlonal satel-
lite of this series, is- scheduled for launch in late,
197@ S . C e e
Installation” of the luos N ser lcs gtoun(l eqmp-
ment began at the NESS Satellite Operatlons Con-
trol Center in Suitland, Maryland, in September.
1977. The majorgcomponents of the mound systeni.
are the Data Acquisition and Control .Subsystem
(DACS) and the Data Processing and Services Sub-
system (DPSS). Tite DACS ecquipmerit ‘will be:’
located” at  Wallops,” Virginia; Gilmore Creck.
Alaska; San Francisco, California; Siitland, Mary-
land; and Lannion, France. This system ‘will acquire
environmental and engineering data and facilitate
control of ‘the entjre ground
system and satellite. The data processthg equipment
will be located at the NESS computer f'lcility and'
be integrated with the acquisitiori system ‘and :
wideband comimunication network. The .lcqmred
data then will be preprocessed and conditioned for
storage and products developed and distributed. to

the users: The data also will be retained for archive

by.the Environmental Data. Service. )
Geostatipnary- Satellyfes.  Geostationary Opera-
tional EnvironmentaPSatellite Goes 2 was launched

- . -
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]une 16, 1977. On z\ugust I5, (;ocs wis positioned
over the equator at 75° West. longltud(, to replace
Goes 1 as the eastern oper rational satellite. Goes 1
was placed on standby in an orbit centered ar 105¢
West longitude. Syn(hlonous Meteorological Satel-
lite SMS 2 remained at 135° West longitude as the
western operational satellite.

Int February 1977, NESS increased to-72 the daily

~number of Weather Facsimile broadcasts from the

two geostationary satellites. Each broadcast lasts 7
minutes dand transmits botl processed i ages from
the polar-orbiting satellites and unpr ocesscd sectors
{from the two geostationary sitellités, Plain-language.
operation:tl messages related to the schedules and
planning, activities are broadcast twice each day
from the castern: satellite and once cach day from
the western satellite. These data are received and
used by a_growing number of Department of De-,

* fensc and foreign mctcorological agencies. In Octo-

ber 1977, a limited number -of National Metcoro-
loglc.ll Center conventional weather charts were
bréadcast daily from the eastern satellite at times
other than the normal we: tther facsimile l)loulmsls
Thesc broadcasts and routine imaging opcmuons
were mi |dc slmulmncousl\

Satejlliteb Data Uses

Determining Winds and Témperatures. Dmmg
1977, researchrcontinued on the automatic computa-
‘tion of winds from cloud motions observed by gco-
stationary satcllites. One study compared - simul-
tancous wind vectors from identical clouds tracked
by both’ Goes 1 and SMS 2. Results showed that

\ihe objective geographic rcglm.ltlon of the infrared

Images was atcurate within 8 kilometers.” \chl.m
wind vector differences were 1.2 and- 1.5 meters per

sccond for compuiter-derived winds and for man-
~ually computed winds respectively. T

’

~creasing the array size-used in the ¢alculations, T hls '
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In another study, an ol)lectlvc analysis. procedure
for editing lowslevel plctmc-pu,r winds derived
from geostationary satellite images has been tested
with satisfactory results. The object is tg climinate
inaccurate data. This technique #ill reduce, the
amournft of mahual editing by'12 .percent. ‘\l.so. the
temperature slicing. technique used to
low-level .cloud mations has been modified by

reduces the amount of inaccurate d 1t ‘md presents
a.morce c icrent wind. . ‘

A techmquc is being de\clopcd to define the ,lo“-
level wind ficeld around a hurricane. The compb-
nents arc cloud motign wind vectors from high
resolution visible lmxlgf‘ﬁ. the ]ocmon, of the hur-

ricane center, and a hurricane lntenslty index.-
When applicd to data fro'n Hunlmnc Belle. (An-

. K -,
50 S X

.[l}c monsoon wis weaker.

alcu].nc '

.

gust I‘)/()) it produced lcsulls (()n(spondm[., to an,
actual wind field.

‘Research was continued to dctcnmnc “h) the
subtropical jet stream dcts as a southern boundary
to severe - weather. An examination: 6f five case
studies was made 1o see if cold air in the high
troposphere north-of the jet is a contributing factor
to deep instability. Detailed 200-millibar tempera-
ture analyses” showed a wedge of cold air between
the subtropical and polar jet streqms, Severe stdrms
occurred - where the 200-millibar cold 1ongue was
superimposed over the surface warm tongué and in
arcas of weak calculated divergence at upper levels.

Work was continued to improve methods for ex-
tracting meteorological information from the High
Resolution Infrared Sounder data from the Nimbus

-6 u§cnmcnt.ll mecteorological satellite. P.()(csslug

of data was completed: for the Global Atmospheric
Research Pibgram (GARP) Nimbus 6 Data Sys-
tems Test periods 5 and 6. These data will he used
to provide spcuﬁmtlons for the First GARP Global
Experiment in 1978. :

Rescarch- was” conducted lmng Scmmng Micro-
wave Spectrometer data from ‘Nimbus 6. Results
showed that the data would be adequate as a lower
resolution hack-up system to ‘Tiros-N for deriving
temperature soundings. These data also were used
to estimate 700-millilsar wind speeds in large ty-

Pphoons and precipitgble water amounts over tropi-

cal arcas. The results showed fair agreement with
conventional radiosonde measurements. .
~Monitoring, Global Radiation. Time averaged
global heat gldgct ata from Noaa Scfiming Ra-,
diometers continued to be archived and compllcd
in 1977 and were used in miny studlcs In one case,
radiative heating data for the 1975/ and 1976 South-
cast Asia summer monsoons were studied. The 1975
monsoon lmd greater intensity than the onc in 1976,
and there were differences in radiative hcmng in

Southern and Central Asia during the two spring

and summcx scasons. Also, snow cover over Soviet
Central Asia was glc ater in the spring of 1976 when
Substantial changes iir
radiative_heating, likely related.to monsoon devel-
opment, were observed over mugh of the central
and castern tropical Pacific. Earth Radiation Bud-

‘get data from Nimbus 6 continued to be used for

monitoring global incoming solar ind outgoing
terrestrial radiation and gs a measure of the solar -
constant. These data will e valuable tools in con-
du(ung climaterelated studics.

Knowledge of the Farth's radi: ition budg%t is an
lnlq,ml part of the nation's total climate program.
In 1977, NESS ‘established @ group of rescarchers
to work with NASA on the development of an
Earth Radiation Budget Satellite Systéem (ERBSS) .

»
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_ing. NWS a
lect -data hourly whenever a flood threat arises.

K

N

The ol)jcé[ of the ERBSS, is to ;lcg]uirc radiation
- budget -data for understanding and predicting

climatic change. The instrument designed to meet
these objectives will measure reflected and emitted

radiation over a broad range of spectral intervals.

The ERBSS will derive radiation data from l:;l?\/
N

ments to be carried on future NOAA-Tiod

v

sion satellite.

satellites and a NASA .'\?)plic;llions Explorer Mis.

~ Environmental Warning Services. Throughout
1977, *the GOES Data Collection System {(DCS)
coptinued to grow in siz¢ and variety of uses: There
ar¢ n 22 national and international users par-
ticlpating in this program which incorporates neir-
Iy 600 Datt Callection Platforms (DCP). Some
of the new applications included deployment .of 25
magnetometer platforms for the International Mag-
netospheric Study Progrant, rélaying huiricane data
from a C-130 rcconnaissance aircraft, and imple-
mentation of the first Aircraft-to-Satellite Data
Acquisition and Relay’ platform on a commercial
jet. Importance of the GOES DCS was realized in
arcas of the country where the National Weather
Service* (NW$) had.DCPs located to detect flood-
! NESS developed procedures to col-

These procedures - were nsed several times in

Pennsylvania, Colorado. Oregon, and Texas. Dem-

onstrations of the GOES DCS also‘were presented
to government officials in- Santiago, Chile, and to
participants in the. World Meteorological Organi-
zation’s regional association meeting ‘in  Mexico
City, Mexico. : ) :

A major milestone in the developm‘ént of the
GOES DCS was reiched whén a second generation
ground processing systent hecame operational on
June 15, 1977. The new groupnd system consists of
computers located at the World Weather Building
and the Wallops Command and Data Acqnisition
station, communication equipment between the
computers, expanded channel capacity, real-time
dissemination of collected data, . and . redundant
equipment for emergencies.

The GOES-Tap system, inaugurated in 1975 to

- provide sector-by-sector weather images from Goes
satellites, was expanded during 1977 to serve 20

Federal and 16 nonfederal users. The NWS also
provided Tap service to. users locatedvnear their
Weather Service Forecast Offices (WSFO). During
1977. WSFQ Tap service was increased to 72 sub-
scribers. Lanica Airlines of Nicaragua became the
first commercial airline to nse the GOES-Tap.
During 1977, Lanica, along with eight other Miami-
based ILatin American ;’\i\rlincs. used GOES-Tap
images for aircraft routing over the Gulf of Mexico
and the Caribbean. Sectorized images were pr(_)'-

s
.

vided every half hour by the Miami-Satellite Field
Services Station.

Durinf the 1976-1977 winter, NWS forecasters
recetved GOES enhanced infrared images that were
“used to display surface tcmpc"mtm'es critical to frost
predictions. The forecasting” technique was gested
operationally in support.of the Florida citrus indus-
try. In the 1977-1978 wmter scason GOES ihfrared
data will be displayed in digital rather than image
form. Digital temperature data are expected to be
more timely, accurate, and économical. . -

Using GOES infrared 15:mpcmtur'e data, NESS is

“developing a digital cloud-top height display to

detect the -position, movement, and growth of

- thunderstorms. This technique will be further re

fined using the NWS Automation of Field Opera-
tions and Services system. This will allow forecasters
to monitor more objectively local thunderstorm-
dcixclopmcht from satellite data. Also under devel-
opment is a set of digital satellite products that
show hurricane intensity, rainfall amounts, and
solar insolation. ~ o

A quantitative method for apalyzing tropical
storni intensity uses GOES enhanced infrared im-
ages. The procedure involves contouring the coldest
cloud tops to shows certain tempgrature patterns
that are related .to the storm’s wi'nd speed, central
pressure, and center location. "Fhis technique

* enables forecasters to estimate hurricane intensitics

at night when visible  imdges are unavailable.

GOES' cnhanced infrared “images are used -to
.detect high concentrations of ,Jow-level moisture.
When skies are clear -in-the efirly evening, moist
air in the boundary layer will cause the land
beneath it to appear darker than land under dryer
air. This is because land under moist air cools at a.
slower rate. It is in these areas_where fog is most
likely to form later in the night. Thus areas with a

- high probability of fog formation can be predicted

several hours in advance. !

During 1977, specially enhanced visible images -
were used to locate fog areas ahd forecast the time,
of fog dissipation. Early morning images were ana-
lyzed for.fog brightness. Brightness is related to fog
dissipation time. = - | .

Work continued,on the detgestion of haze and air
pollution from satellite images. Early'morning and
late afternoon visible pictures, taken when the skm
angle is*log, show these hazy, pollute® arcas par-
“ticularly well. The haze often restricts visibility and
can be a hazard to low-level aircraft operations.
Thus satcilite images aid in making short-range_
forecasts of restrictions to visibility. :

Search and Rescue Support. In 1977 NESS con-
tirfued to provide satellite data to support the U.S.
Air Force and U.S. Coast Guard Search and Rescue

e : 51
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-in 1978. It is designed to provide all‘weather global .

]

operations..The California Wing of the Civil Air

Patrol has been using satellite images for Searcls

and Rescue missions since 1974. Satellite pictures
show weather conditions at the time the pilots werc

in distress. Up to 40-percent reduction in mission -

flying hours has been achieved by using satellite
data. o

The Coast Guard used satellite data in its Search
and Rescue missions to determine sea surface tem.-

peraturés and ocean current boundaries. Sea surface

temperatures are important -to migsion planning,
especially in the winter when temperature, differ-
ences between the Gulf Stream and adja
waters can be more than'17°C. This .can.’mean a

_difference in life expectancy, as affected by expo-

syre, of several hours to several days and-a radically
different.drift rate and direction. S

Determining - Ocean Conditions.’ Seasat-A is a .

NASA oceanographic satellite scheduled for launch

monitoring of oceanographic conditions using ‘an
array of microwave instruments and one visible-
infrared instrument. NOAA will participate in a
research and demonstration program using Seasat-

A data as they apply to NOAA requirements.

Thirty-five experiments are planned in the open
ocean and coastal zone on wind’s~anc(l wives, cur-
rents and .circulation dynamics, surface ‘tempera-
tures, geodesy, and sea ice. Demonstration activities
will involve meteorology, oceanography, geodesy,
and living marine resources. In addition plans are

under way to sponsor a few experiments by non-

government organizations.

-+ Ocean color research continues in support of the

Coastal Zone .Color .Scanner to be carried on Nim-
bus-G, $cheduléd for launch in 1978. The capabil-
[ty to acquire in sity optical measurements simul-

. taneously with remotely-sensed radiance data was

demonstrated by experiments conducted in late

1975. A ‘more extensive ship and aircraft field pro-
gram: was carried out in the Gulf of Mexico in

-October' 1977, by sciéntists -from NOAA, NASA.

the Scripps Institution 6f Oceanography, and Texas
A&M University. The objectives were to provide a
prelaunch in-situ. data base for "development of
chlorophyll' and total suspended sediment models,

to standardize measurement pl'océdurcs for- these -

. parameters, and to #st instruments for acquisition

Q
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of spectral irradiance data. .

The Scripps Institution of Oceanography,”sup-
ported by NESS, completed development on the
bio-optical state of the.ocean which can be charac-

terized by determining certain optical parameters

as a function of wavelengt!: Then bio-optical state
can be related to chlorophyil coneentrations, which
further can be linked to other important biologicak
features of the ocean. Satellite optical measure-

R 1

t shelf

53"

~

.
ments, like those expected from the color scanner,
can provide otherwise virtually unobtainable infor-
mation on the dctection, growth, and decay of
plankton. Such information can provide a hetter
understanding: of marine ecosystems. -

Mean monthly sea surface temperature - fields,
dérived from satellite infrared measurements, waore
compiled for the past several years. These dat
were used to construct annual-change and :moniam
charts for possible use in long-range weather fore-
casting and climate (ﬂ'numics studies. One interest-
ing feature was a large cold-water anomaly that

developed in the Narth Pacific in the autummn of

1976 and reached peak intensity in February 1977.
A similar anomaly appeared to be developfng in
the same general area in late summer 1977.

NESS is using GOES visible and infrared digital

- data to produce comiposite sea surface-temperature
- .gradient maps. By using GOES images at. various
~.time$ of the day, a cloud-free cbmposite of the sea -

surfadesthermal structure is displayed. During 1977,
this éﬁ‘f‘ comiosite was used to determine the. posi-
tion of the Gulf Stream and the Gulf of Mexico
Loop Current. The Satellite Field Sérvices Stations -
have provided this information to comgnercial and
sports _fishermen, recreational boaters, "and thé - -
merchant marine. : '

In March 1977, work began on preparing, maps
showing ice conditions in the Labrador Sea and
Davis Strait. These maps, derived from Noaa 5
and Goes | satellite images, were disseminated three
times a week to the Coast Guard as‘an aid to navi- -
gation. Also, ‘the Coast Guard was briefed on.cloud
conditions over. its International Ice Patrol” area,
based on satellite images. This information saves

airgraft time and reduces operating costs. NESS

also continued to prepare and distribute ice maps

- of Alaskan Coastal waters for shipping interests for

the fifth consecutive year. , -
High-resolution ‘images from Landsat 1 sand 2
were used 'by NOAA's Pacific Marine Environ-
mental Laboratory to compile an atlas of under-
water internal waves off the North American east
coast, the first large-scale view of this phenomenon,
The data were nused to .prepare two oceapographic
investigations. of internal waves. .
Scientists from NOAA's Outer Continental Shelf
Environmental Assessment Program used sea sur-
face temperature data from NOAA satellites in con-
junction with hydrographic.data to map surface
currerits in the Gulf of Alaska. This program sup-
ports the Uhniversity of Alaska in acquiring and
cataloging remote sensing data from satellites and
aircrgft and distributing these data to sdﬁlﬁsts in-
volved in Alaskan studies. ' ) N
NOAA's Wave Propagation Laboratory devel-
oped a method of using satellite radar altimeter

.

N
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~“amined over a 4-year period).

; 1 ‘

data, producing estimates of significant wave height

to 0.6 meters accuracy over 70 kilometer-square

areas. - : _

Detei'rﬁining Lake Conditions, Amnalysis of satcl-
lite infrared data over the Great Lakes during
November 1976 showed the lake surface tempera-
tures, to be an average of 5°C cooler than on the

same date in 1975, These low temperatures pres:

ceded onc of the heaviest_ice years on record. On

February 7, 1977, Noaa 5 satellite data showed Lake -
Michigan was-completely frozen over for the frst -

time in 20 years.

NOAA’s Great Lakes Environmental Research
Laboratory and NESS used satellite multispectral
images to map reflectance_patterns from - calcium
carbonate precipitation in- dhe Great Lakes. This
milky-water phenomenon, called a whiting, was ¢x-
Results showed that
whitings occunr regularly 'd ‘rin'g the sumer and
fall in Lakes Ontario, Erie, and Michigan. .

Determining Hydrological Conditions. NESS con-
tinued to produce satellite maps of sho'wcovcr in
about two doZen United States and Canadian river
basins. Nearly 500 snowcover maps were compiled

<between November 1976 and June 1977. Users were

.the National Weather Service, U S. Geological Sin-
vey, Corps of Engineers, Soil Conservation Service,
Aand Bureau of Reclamation. These mips were used
to help assess_the-extent of the 1977 drought in the

westérn United. States. Snowpacks in the high cle-

vations of Wyoming, Colorado, Idaho, California,
and Oregon, were found to be ‘the lowest or near
the lowest on record. Using Noaa 5 VHRR images,
‘mid-April areal snowcover for California’s Sierra
Nevada. Mountain Range was determined to be
‘only one third of what it had -been on the same

- date in 1975. Satellite derived snow and ice cover

maps were transmitted daily to NWS hydrologists
“in the middle Atlantic and northeastern states. This
information .was "used “to prepare river and flood
forecasts. Regional hydrologists found the informa-
tion to be especially useful because this section of
the country experienced one of the most severe
. winters. in history. .

A technique for estimating hourly rainfall from

convective clouds using enhanced;infrared and high
resolution visible satellite images was ficld tested in

~* 1977. Field tests were conducted by hydrologists at

the Weather Service offices at Phoenix. Arizona,
and Lubbock, Texas; the Kansas City, Missouri,
Satellite Field Services Station; and the Division of

‘Hydrology in Caracas, Vénezuela. Preliminary re- -

sults show successful identification of arcas of no
significant rainfall and reasonable estimates of total
rainfall in heavy precipitation areas. This tech-

Ay e .

o e e :
v } .,p . s

- data to determine sea state. This metliod has been .. amique will aid in monitoring arcas of convective
applied to a limited amount of Geos 3 altimeter

ritufall for agricultural uses and flash flood warn-
ings. It is.especially uselul for areas where no re-
porting stations arc present, or where surface re-
ports are delayed by poor communications.

Also, GOES visible and infrared images were

ased to develop a.digital enhancement technique’

for estimating rainfall rates and potential rainfall .
for tropical storms.~The National Hurricane and
Experimental Laboratory used this technique to
prepare, l'ilillf;l]k CSlin'l:llCS for the National Hur-
ricane Center's warning services: The NWS River
Forecast” Center at San Antonio, Texas, used this
inforniation to monitor heavy rainfall continupusly
as Hurvicane Anita crossed the. Texas-Mexico coast
in Scptcml)er 1977. L
J‘hc NWS collected rainfall data from 61 un-
manned sites in its Automatic,” Hydrologic Ob-
serving System. These data wete transmitted to

River Forccast Cenw GOES Data-Collec--

tion System and werd nsed in the river and flood

forccasting program. R ) ‘
NESS completed a series of satellite-derived, snow-

i

cover -maps and graphs of North Amcrica and .

Eurasia for the period November 1966 to Septem-
ber 1977. The maps showed the monthly variation
of snowcover, and the graphs showed the monthly,
seasonal, and annual variation of snowcover on-
cach continent. A 12-month running mean’ of
monthly values showed no significant fluctuations
or trends for North America, but two large increases
in snowcover were observed for FEurasia. One of
these occurred in the 1971-1972 winter and the

- other in the 19761977 winter. -

A study was made of near-infrared reflectance
from snow using Skylab multispectral scanner data.
Results showed that refléctance over uniform snow-
pack istsignificantly lower in the near-infrared than
in the visible red part of the spectrunt, and that
the near-infrared can be used to distinguish ob-
jectively between snow and clouds. More data are
needed to clearly distinguish between snow reflec-
tance measuréments made: in the laboratory and:
those obtained from spacecraft and aivcraft.

Monitoring Agricultural Conditions. In coopera-
tion with the Great ‘Plains Agricultural Council
and the U.S. Department of Agifculture, NESS
joincd in an cffort to develop a technique for esti-
mating solar insolation over the Great Plains using
GOES digital data. The pavameters measured were.
surface brightness, cloud brightness, cloud cover,
precipitable water, and surface. pressure. The first
three parameters were determined frém  satellite
data and the last two from surface measurenients.
These data are presently being correlated with sur-’

_ face truth pyranometer data provided by the Great

Plaiiis Council. Eventually, the insolation data may

.
.
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Y N -
be incorporated iito yicld modds for sorghuin and

“wheat crops.

Fisheries Monitoring. During 1977. NESS con-
tinued 'to produce charts showing occan thermal

« fronus, observed from high-resolution satellite data,

along the California coast. The Ocean.Services Unit -
at Seattle began issuing similar information for the
offshorg waters of Oregon and ‘Washington. It=is
known that nutrients and plankton important to
the food chain for fish are concentrated along these -
fronts as a result of seasonal upwelling. For the
past three years, these charts have been used by
West Coast tuna and salmon fishermen to loeate
preductive fishing akeas. In spite-of increasing fucl
costs and more stringent fishing regulations, the
commerdial~fshermen have impfovc& their cffi-

- ciency and reduced overfishing of small areas.’In «

1977, this service was expanded to the northwgst
Atlantic and Gulf of Mexico. The swoidfish indus. ®
try is being provided weekly Gulf Strecam analyses,
and_some fishing companies are purchasing satel-
lite images for direct use in their fishing operations.

The National Marine Fisheries Sérvice, in coop-
eration with other Federal and private agencies,

poise migration in the eastern tropical Pacific. A

preliminary study was conducted by fitting trained

porpoises with small trapsmitters capable of opeyat-

ing a year and relaying position data via the Nim-

bus 6 Remote Access Management System. Data can,
be reccived for up to 200 platforms within' the satel-
lite's view and from 1000 platforms per orbit.

The Fisheries Service- also ‘participated in” Sea-
sat-A prelaunch studies conducted off the coast of |
California during the spring of 1977 to determine
if a ‘scattérometet system would .provide accurate
measurements of wing stress. fr™u¥e in estimating -
water movemént, Tesgf‘csult,s_v'yiﬂﬂé'a»iﬂ‘ii_ablc; eaily .’
in 1978. The objective is to %\fﬁhﬁf!c'tbe_ P_Bténtial
of space-borne scattcrometer measurements for im-
proved yield predictions for certain - estuarine:
dependent fish. The survival of these species is
dependent on the egg and larval stages being trans-
ported by surface water currents to estuarine nurs-
ery grounds. T '

The National Fisheries Engincering Laboratofy, -
in cooperation with NASA and the, Goast Guard, -

investigated the-use of spacc-borne Synthetic Aper-*

ture:Radar systems. for fishery, management and

fishing vessel surveillance. Preliminary results were
published this year describing tests of - vessel “sur-
veillance conducted over concentrations of foreign
vessels "in the Bering Sea. Detection .of ‘a broad
range of ﬁshir‘ig vessels seems certain, but questions ;
remain* concerning additional information such as
vessel speed, direction, activity, and size. '
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Other Uses of Satellites and.Space

" International Cooperation ~ *

Sharing Data. More than 120 countries receive
Jdow-resolution  Automatic  Picture - Transmission
(APT) images, and a dpzen countries also receive
high-résolution images ffom NOAA polar-orbiting
satellites. Another 20 high-resolution stations are
_planned, including one dt McMurdo Sound, Ant-
~arctica: Ten countries in the Caribbg and in
Central and South America also ‘réccwe Weather
Facsiiile (WEFAX) images from geostationary
satellites, and *new stations soon will be operating
in Western Europe, Africa, and some Pacific Ocean
sites. 7
The National Weather Service, under the Volun-
tary Assistance. Program for the World Meteorolog-
- wal Organization, established combination APT/
WEFAX stations with improved satellite. video -

~ capability in Costa Rica, Honduras, and Guatemala

in November and December, 1977. These stations
can receive data from polar orbiting and geostation-
ary satellites ang will be the prototypes for eventual

replacement of older APT équipment. The capa- -

bility of the satellite to relay environmental data
to ground stations within the satellite’s transmis-
sion range has improved tlic observation and pre-
diction efforts of many nations. :
These data recently have been used by the U.N:
Food and Agricultural Organization to. suppress .
‘lotust emergence and migration in northern Africa.
- They have been used to support exploratory oil
.drillihg activities in the North Sea and Canadian
Archipelago: to estimate snowfall in Norway for
hydro-electric power gencration; and to improve
flight forecasting, flood control’ efforts, marine
transportation; and’ research in weather modifica-
-tion in many countries. Much international good

" will - higg derived: from eooperation and coordina-

tion.amorig nations using this form af space tech-
nology. . ' '

: The®United States and the Soviet Union con-
tinued to exchange satellite cloud pictures_during
1977. During theé year the Soviets launched :a new

.. series of satellite called Meteor 2. The visible and

mfrared radiometers on this satellite appeat to have
cillvil'qximenml monitoring capability close to our
1TOS series. Photbgraphs received from -the satel-®
lite hive a resolution of about 2 kilometers. In ad-
dition.the United States received data from Meteors,

24 through 28 and sent data from Noaa 4 and 5

to Russia. : : . _
During 1977, the Department of State, Agency for
International Development  (AID), was provided
with cloudcover data over the sub-Sahara part of
Africa and the Caribbean area for use in deter-
mining the probability of precipitation. As part of -

[
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‘ ' Al

‘the “tropicdl storin  suryeillance ‘program, high

_weather modification..

winds and potential flooding in tropical areas of
the world also were monitored. :
Demographic Studdes. The Bureau of the Census,

supported by AID, demonstrated the use of Landsat

" data in demographic studies. Studies for Bolivia

and Kenya were completed in 1977, and the results

documented the hise of satellite images in preparing.

Population and Housing Census.operational maps,

The reports also noted the relation of land cover

to popuiation density. o .

The Census Bureau-also continues to study the
use of Landsat-data in dgmestic census activities.
An Applications System Verificatign and Transfer.
agreement was signed with NASA. The experiment

-will test the utility and cost effectiveness of using

~

computer-processed. Landsat data for delineating
urban fringe zones aroundihe nation’s major met-
ropolitan” areas. Urban land - cover, recorded by
Landsat, is being compared with photographs trom
ligh-altitude aircraft and other cartographicall
prepared products: If Landsat proves useful-ané"

cost-cfective for' monitoring the geographic expai-ic

sion of urban areas, a larger sample will be tested.

Weather Modification

NOAA’s National Hurricane and Experimental
Meteorology Laboratory used satellite data for its
rescarch into the development and modification of
convective cloud systems. Studies were initiated to
apply rainfall estimates from satellite images to the

_ analysjs of cumulus modification experiments over

-

an extended area. Satellite data promise to be im- -

portant for diagnosing larger-scale effects of

The Laboratory also used satellite data’ in hur-
ricane research.- Data, collected with satellites, air- -

craft, and radar from Hurricane Anita (September
1977) are being analyzed to determine if systematic

oscillations of cloud growth occur, if satellites can -

track cloud elements at speeds corresponding to ob-
served wind speeds, and if characteristic cloud de-
velopments occur that.can be related to present
storm - strength and potential for future develop-

ment. ../' R
' o - -' . C
Determination of the Earth's Shape and
Gravity Field o
NOAA's National Ocean’Survey and the Joint
Instttute for Laboratory Astrophysics made com-
puter simulations of observations on the Lagecos
satellite by laser stations and determined geodetic

station positions on the Earth with mean errors less -

than 5 centimeters. This method was limited. in ob-

taining the desired accuracy because of limited

knowledge of the Earth’s gravitational field. Im-
- - : -t

proved Do‘pplcr data and more refined. data proc-

essing have reduced positional errors to less than 50

centimnetcts for 40 stations and 10 to 25 centimeters

~ for differenced positions. Comparison with the ex-

mal standards of Very Long Baseline Interfer-
:ﬁ;ﬁuy position determinations and the High
Precision Transcontinental Traverse yielded com-
parable agcuracies. A high-quality aerial gunera is
being devefoped and tested to provide higher den-
sity geodetic control niore quickly and ecoplomically.

The altimeter data base set\up for
satellite now ‘contains more thar 1500 pAsses. These
data have been enhanced through improved analy-
sis techniques and have proddged more accurate
solutions for the Earth’s gedvitational field. The
Ovcean Survey continyed” to work with NASA in
sctting up methods ahd programs for using altim-
eter data from Seasat-A for geodetic purposes.

Analysis of Geos 3 and a Navy navigational satcl-

fite data for deterinination of ocean tidal ampli- .

tudes has confirmed that standard published ocean

tide models :
As a result, a valué for the acceleration of the Moon

‘has been determined. This supports recent analysis:

of long-term astronoriiical observations. i
On January 10, 1977, the Survéy, the Defense
Mapping Agency, and the Groupe de Recherches
de Geodesie, France, started making Doppler ob.
servations at the Ukiah California Latitude Obser-
vatory, to support th¢ French experiment’ to
determine polar motion by Doppler tracking of ar-
tificial satellites. The Survey started:a new project,
Polar Motion Analysis by Radio Interferometric
Surveying (POLARIS), to monitor polar motion
and Earth rotation with improved spatial and tem-

- poral resolution using radio interferometry tech-

e in error by a factor of one-third.

niques. The POLARIS data will have wide applica-**
tion in’ deep-space navigation, celestial mechanics, - ..

relativity, and Earth evolution studies.
The National Bureau of Standards has investi-

gated the use of a single photo-electron laser rang- -

ing technique to reduce the cost and.increase the
accuracy of satellite ranging stations. Preliminatry
studies indicatc a 1.5-centimeter accutacy in rang-
ing to the Lageos satellite. Under development: is

a  3-wavelength ground-to-ground laser distance-

measuring system.with a 50-kilometer range and
an accuracy of one part in 2Qumillion. The. system
is intended to provide accurMe geodetic ties to a
surrounding network of markers from a site whose
location is detennined by satellite or lunar laser
raniging stations or long baseline interferometry
stations. . ] :
The use of high-accuracy range measurements to,
an orbiter around. the planet Mercury for testing
gravitational physics ‘was studied: A check- on a
possible change in’ the gravitational constant

i . i

.
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_time may be possible. Much lmprovcd checks ona.’

“number of other aspects of present gravitational
theory also could be performed wnth such & mission.

. Satellite C ommumcatto ‘ .

Commumumom Stifdies. The Office of Telecom-
unicztions ‘published a study comparing the re-
y ', lml)lllty of submarine cable and satellite communi-
s : cations. Data from the American _Telephone and
B . Telcguph ompany's overseas message teldghone
_ : lrcmts from 19/0—J9/.) were used. Comparison¥.for
L -qg&'{ 1 ofythe 5ix years provided summaries of causcs
bd=Of” cab e~putages and watys- in which service was
'restoscd Satellite commumcanons were found to
be more reliable. . - C
A study was pul)hshed on, the aspccts of dircct
r"." ‘@ yoice communications fronr a satellite to jindividual
8hames for nitural disaster warnings. The use of
L home radios and _television sets for reccnvmg these
8 signals appe'ned remote,, ,
5@ [ Three computer programs were dcxclopcd and -
_“published. that will Illl[OﬂlIl[lCd“y -check the “com-
" pliance of fixed Earth stations’ with international
power and antefna beam . pointing vestrictions;
help engineers maximize satellite antenna, covel.lgc
over particular pomons of the Earth, whilc min-
xmmng the effects of interference to other telecom-
muyuication systems; and calculaic contours of
power-density measured: at geostationary orbit.

Conimercial Satellite Service. The Maritime Ad-
ministration continued to cxp‘md its program of
commercial satellite communications, In 1977 the
"Marftime  Satellite (\IL\RISAT) consortium an-
nouncell conunercial services from the Indian
Ocean. The number of U.S.-owned vessels equipped
with MARISAT terminals tnplcd, and the world
flect doubled in 1977. The MARISAT satellite
communications system has opened 24-hour tele-
phone and teleprinter service to ships at sea. Luxiry
liner passengers can now make ship-toshore tele”
"phonc calls directly from their staterooms. Cargo .
ships can avoid ports shut down by strikes, pick up
ncy orders, and shift cargoes from one ship to an-
otffer . enroute. Oil  tankers - opcmtmg .between
Ahskl and other U.S. ports can ‘keepgin contact
v with the home office. Canadian ice- -breakers, whose
" mission it is to keep Canada’s far-north sea lanes
_open for- the shipping of supplies and equipment
for resource (fcxclo;)nlcnt, can maintain constant
communication with the Mmlstry ‘of Tmnsportl-
tion. Underway oil dnlhng rigs located in the Gulf
of Alaska can communicate with their hcadquartcns

N

on shore. _Satellite communications mean niore
cfficient cost- cumng tmﬂic mahagement. o
Satellite Anlennas "The National Bureau of

'Standands extended the development of near- -field
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M 4
theory and measurement techniques for microwave
aartennas, It 1s now possible to perform afcurate

“near-field measurements in the laboratory. Accurate

gk, pauern, and polarization data are obtained
for prelaunch testing of complicated multiantenna
sdtellite systems and the terrestrial’ cvalu.ltlon of
ground stations. o

Orbiting Standards. Test and measurement meth-

ods for the Orbiging Standards Platform are being
defiped. The Bureau of Standards will provide the

required standards and carry out the satellite post-

launch verifitation program. The platform will be
accessible to virtually all -users of satellite systems
and will provide more reliable calibrations than
can be,acliieved by other techniques.

<lime Services. During 1977, time code transmis-
sions on the 468-MHz frequency s were continued
from BBth GOES satellites. Imploxcd satellite posi-
tion prediction techniques resulted’ in time code
performance of better than 25 microseconds. A
commercial version of the GOES satellite clock
system now 'is .u.ulll)lg:. The GOES time code is
in usce or being considered for use in scientific data
monitoring and correlation, navigation, communi-
cation systems, and -electric power networks.

The Bureau of Standards has developed an ex-
tremely accurate atomic clock for satellite use. The
device uses atomic hydrogen and has design features
that are adapted to remote control in space. Other
:u/gnm clocks, - ‘based on cestum and rubidium

rgsonances, were tested in a simulated space en-

vivonment. 'I_hcsc atémic clocks are- critical com-

5

~ponents in world:wide, satellite-based navigation

systems intended for. space, air,

sea, ‘and ground
position location, .

. & Space Subpori Activities -

"Weather Sﬂﬁ{)or; -

'l(um('hvinq Activities. During 1977, the National

Weather Service provided meteorologlcal support

to tife Splcc Shuttle,gf .andsat, Jayagey, Seasat, an

the Rocketsonde and Atmlosphieric. Ofone Measure-
ment plogl ams. For the Space Shuttle, support was
principally background and planning studies of at-
mospheric conditions at launch and landing’ sites.
Landsat support required forecasts of cloud-free
areas under the orbital path of the satelli¥es. For

_the Voyager mission, forecasts were used to develop

programs (o maximize return signals from the
spacecraft. Scasat support consisted of ‘obtaining
surface truth diwa for evaluation of the radar altim-

-eter on Geos 3. Metcorological support was: pro-

vided to the Wallops Flight Center for its rocket-

- sonde and atmosphenc orzone projects.



Solar Activity o -

The NOAA Space Environment Services Center,
operated jointly by NOAA and the U.S. Air Force,
is the National and World Warning Agericy for
disturbances on the Sun, in space, in the upper at-
mosphere, and in the Earth’s magnetis field. Alerts
and measurements of these disturbapées are pro-
vided to scientists in space "physics and geophysics

*for planning scientific stuglies and experiments. The

. largest of these, the International Magnetospheric
Study (IMS), is an international cooperative scicn--
< tific program (1976-1979) designed to provide ‘a

better understanding of the dynamics of the Barth'’s

- external magnetic field. The Center supported the

.
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IMS with data collection_ and dissemination, and
predictions, that were used to schedyle satellite ‘op-

grations, rocket launches, and groun'd-based exPcri-'-
- memts. Similar information was provided to both
military and civilian communication satellites and

military reconnaissance systems. The primary data
systems usedfwere the Space Environment My
and Solar Proton Monitor on the GOES and I'TOS
satellites, the Global Solar Flare Patrol opergted
by NOAA and the Air Force, and data college
* from the International Ursigrami and World Days
Service. o :
The Environmental Data. Service operates the

‘“World Data Cen'er-A fog Solar-Terrestrial Physics.

Last year World Data Center-A established a tem-
porary IMS Central Information Exchange Office.
This office is responsible for informing *satellite.
rocket, balloon, and ground-based experimenters
- about accomplishments; programs in progress, and
future program plans for the duration of IMS. Op-
portunities for program coordination are stressed
and have resulted in satellite experiment reconfig-
urations, rocket launch schedule changes, and re-
positioning of experiments from the surface to
satellite altitudes. Prompt  notification of special
data collection opportunities based on multiple
satellite configurations -has been provided weckly
‘tos scientists. An address list of parficipating scien-
tists' was prepared,and distributed to 2000 persons
to facilitate , direct contact between scientists.
Monthly IMS newsletters carry the bulk of pro-
gram information, maps, and news of preliminary
scientific results. - '
Space Processing Research - coo el
" NEw research efforts were started by the! Burcau
- of Standards to support NASA's program of using
- the Space Shuttlé as an orbital workshop for mate-
rials science. The advantages of low gravity con-
ditions,i.n materijals processing and thermochemical
measurements on reactive oxides were q\:nlu:;ted. Ig_n'
addition, measurements ‘and calculatjfyns” ere i

itor

o

itiated to determine the cffects of gravity on-liquid
- flow and flame propagation dnd inhibition.

" Space and Atm sg,herib Research
Space Physics

Interplanetary Physics. NOAA Sp;lcé Envi-

- ronment Laboritory made dynamic, multidimen-

sional computer simulations ‘of solar flares using

Skylab observations as a guide. This work, per-
formed in collaboration with the University of
Alabama in- Huntsville,. enables simulation of dis-
turbances that.travel from the Sun to the Earth.

Several modgls of the chemical composjtion *(pro-
tons, clectrons; and ionized helium) of the steady
solar wind have been studied. One model considers
nonradial flow near the Sun while another con-

.siders radial flow fyom the Sun to any point 2
space. Recent workfhas suggcsted that the peridt
from 1645-1715, when there was visible absence of
solar-activity,’showed a steady, magnetically feature-
tess, low.vclocityl solar wind flow arvound the

Earth's magnetosphere. .

Hydrogen cyanide has been observed in the Jo-
vian atmosphere in’ quantities greater than ex-
pected. Secking to explain this, the Bureau of
Standards has developed a mechanism to measwre
the rate constant for hydrogen cyanide formation.
Improved thermodyn:unic values obtained through
infrared absorption and mass spectrometric studies

have been obtained for methyl and methylene radi-

cals. These species are impottant i the chemisory

» of Jupiter and are derived from the decomposition

of methane by solaf yadiation. S .
Techniques to analyze ultraviolet spectra are he-
ing developed using chromospheric models for solar
actiye regions; and-the study of wave modes in the
solar ¢hromosphere and transition region is under
way, using Oso 8 observations. Spectrohcliogranis
obtained from  the Naval Rescarch Laboragory's
Skylab experiment have been used to study the
formation of neutral and ionized helium lines in.
the solar atmosphere. Observations of cool stars
have been analyzed to derive chromospheric models
and estimatesg of the gravity-dependence of non-
radiative heating in these stars. The first éxtreme-
ultraviolet observations of a flare .star, Proxima
Centauri, obtained from an experiment on Apolld-

Soyuz, were: analyzed in terms of coronal properties

of this star. This information will be uscful to radio
astronomenrs all over thg world.

" Atmospheric Physics

. . .
Tonospheric Physics. Space Enviromment Iabera-
‘tory scientists used solar-x-ray fmeasurements front

A . -,
the GOES satellites to detéct solar flares. Research

< Lt . ’
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was started to detect these explosions on the Sun
before their x-ray ind extreme ultraviolet flux in-

tensity increased cnough to significantly affect the A new Burcau of Standards instrument was used
ionosphere. Onc usce of early flare-detectidn systems  to measure calibration stanflards for 1 NASA satel-
will be high time-resolution measuwrements to de- lite dedicated to mapping atmospheric ozone. Radi-
termine the ionospheric effects of solar flares. . ometric calibrations performed for NASA are im-
Magnetospheric Physics. Analysis of,encrgétic ion ~ portunt g -NASA programs for monitoring solar .
it in the interplanetary medium outside the + ‘ediation. ‘ ’ _ \
Earth’s magnétosphere shows these partielés have , . ) '
originated from the magnetosphere. The Earth thus Atmospheric Chemistry
joins the Sun and_Jupiter ds @ source, within the Photdrhemistry. The Buwreau of Standards has
solar system, of the energetic particles and  low- demonstrated. for the first time in laboratory exper-
CHCIBY cosmic rays fpund in the interplanctary me- e g possible method of sunlight destroying
dium. ?S‘C‘{I'SIS haye 'Cf’“Cl"ded that - the extra-. chloromethanes in the troposphere. Solar radiation
“terrestrial ring currgne s not composed °f solar. reaching “the troposphere can break down chlo-
wind protons, b_"l of heavier ions of helium or ométhancs if the chemicals are first adsorbed to
oxygen. jj‘c théory, proposed "'Sf year, that the Jt\hc surfaces of 's:m(l'or-qu:li'ti particles. The ex-
ionospherd vather ‘th:m l‘hc;sol:n' wn‘ld is the major tent to which these chemigal pollutagts may be re-
soupfe of energetic "fdm‘“m]'bdl 1ons, has "’CC“ moved frowm the lroj’n»pl'gc is l}cing%sscsscd. )
confirmed by observations that show ions of iono- The Bureaw is participating in an inferagency
spheric origin jetting upward toward the’ outer - program to- predict the effects of halocarbons. and
maguctosphere \\'hcrc‘thcy are u';q)pcd‘;md produce nitrogen oxides on the ozone concentration in the
the wng current. I’:\'l(l(_:nxcc IS mounting th.‘n‘thc stratosphere. The possible buikdup of halocirbons.
process which encrgizes tonospheric ions and injects their global distribution, and fate requires analyti-
thc‘m fnto the magnetosphere is the sume process cal measurements at extremely low concemtrations.
which jets electrons from the magnctosphere into Rate constnits have been determined for the re-
the atmosphere to produce auroral dlSplnys.‘ An actions of chlorine and oxygen atoms with chlorine
:lm‘om'l,.lhcory h;ls1 been. (le\"clopcd that lthe iono- nitrate over the icmperuturc range 225° o 273°K.
* sphere’s. demand for clccjrlcql'_Fllx'x'cnt froln‘g the  Phe rates indicate that the chlorine reaction is not
mngpclos_phcrc leaads to the creation of‘ electric po- important, but<the oxygen atom reaction competes
tential f!lﬂcrencc along the geomagnetic field line. ;) solar photodissoctation above 80 kilometers.
. The cxistence_ofsuch a potential difference would i acid s an important molecule that connects
lead directly to the acceleration of 'clectrons down- the hydrogc;l and nitrogen oxide reaction cycles in
ward to prodpcc the anrora and ions apward’to the Earth's stratosphere. The details of its decom-
produce the ring current. ‘ R © position by solar radiation are necessary to under-
Data from GOES magnctometers were used 10 - ‘stand the reaction cycles of ozone production and
begin development of techhiques to predict geo- xlepletion. ' .
magnetic disturbances called substorms. This effort . .
will hc'lp the Space Environrpen't Services Center to - Data 'Program:s
predict disturbed- communication conditions and o
_ predict conditions which lead to electrical malfunc- - Environmental Data .
tions onboird cominunication satellites. - Ol Storage, The lfns'i_i'ohlesﬁtﬂl Pata Service's
Stratospheri¢ Physics. The NOAA Ac_ron\s(my Center for Experiment Design’ and Data Analysis
Laboratory has obtained comprehensive measure- | uses the GOES Data Collection System to obtain -
ments of nitrogen dioxide distribution in'_thc‘slrnto‘-, heurly observations of ocean circulation  patterns "
sphere using groundgand airbogne spectrscopic from a prototype Salt Dome Environmental Mon-
techniques. Global M2asurements of stratospheric - itoring. System in the Gulf of Mexico:” Under the
concentrations of fluorocarbons*F-11 and F-12:and Strategic Petroleum Program, salt domes'or caverns
* nitrous oxide alsq have been obtained using. bal- ave used for oil storage. The cenlargement of these,
loon-grab sampling methods. The nitrous oxide caverns by leaching prcscm(s a'problem of -brine dis-
- measurements yiclded improved vertieal txjnnsporlv posal in the coastal waters. The monitoring-‘.‘of p
cocficients that” will allow better predictions of tential salt brine disposal areas provides the da
stratospheric ozone loss from manthade causes. ab.- nceded to chaicterize and predict brine dispogal
oratory reaction rate measurements have substan- pattegns. - 0 C . ’ _
tianlly lowered the predicted stratospheric  ozone Waorld 1"0(71 Assessments. The Large Area Crop
destruction by supersontc aircraft and substantially Inventory Exiperiment (LACIE), a cooperative ef-
. ) v N -
.58 ' ' ( . . )
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riused the predicted stratospheric ozone destiuction

"1))’ chlorofluorocirbon release.
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fort of NOAA, N\S& and the Department of Ag- .

riculture, has demonstrated technology to monitor

. -

- aeronautical chyrts are needeq more quickly. To

keep pace with this demand, t

Ocean Survey. or-

global weather patterns, identify currenit anomalous ganized an Aeronautical Chart Automation Project. €

weather situations, and make quantified estimates

4 . - y . 4 . )
of ground baséd weather stations. Researc leadin Safety Services~The NOAA Atmospherlc Physics /
to operational precipitation estimates fronf satellite =~ @nd Chemistry Laboratory-continued to conduct /
" data was initiated with NESS in August 1977, to = tests of a prototype. ‘clear-'zur t'urbu]vence detec}or
- enhance the global assessment capability. and alarm system using NA A's C-1414, Learjet.
and Convair 990 aircraft. The infyared Yadiometer
Aeronautical Programs d‘ctec'ts :moma_lies in the fv;gter' vapor ahead‘ of Fhe
. . aircraft and gives 2 to 5 minutes advance warning
Aeronautical Charts ) of clear-air turbulence. ) -
. ) . The NOAA National Severe Storm Laboratory
“The National Ocean Survqy, In response to a re- used aircraft, conventional and dual-Doppler
quest 'fror_n the'FederaI.{\vmuon A‘dmmlstrauon radars, a 444-meter weatheriinstrumented ‘tower,
(.I‘AA)‘ ‘,v.'“ cgrtnfx obstacle and terrain dat:g' for 72. and a mesonctwork of surface stations to investigate
arr terminal sites in the United States. This is in the Doppler radar's potential togocate and depict®
support of FA:-\'s Minimum Safe Altitude Warn- thunderstorm turbulence. by m’%g wind varia-
Ing system,.which alerts air traffic cont‘rollers when tions. Doppler radar capabilities in optically clear
an aircraft (lesFends bc]ow' a safe ﬂxght altlt}lde air- were studicd for depiction of wind shear asso-
within a ‘120-k|10m.eter ‘radlus of an air tefminal ciated with thunderstorm,gust fronts which endan-
facility. Fifteen major sites were analyzed in 1977. ger aircraft™urink :lir’pp;t land.ings and takeoffs,
+The FAA and the/Ocean Survey also have devel- Pollution Mdnitoring.The Oceart Survey's Ocean *
»oped product requirements’ and specifications for . Dumping Program Office conducted an experiment
“an Arrport Facility Directory for the coterminous in the Gulf of Mexico durirg July and August .
United States. It-will be comprised of 7 volumes to 1977, to characterize - the physical and chemical
be phased in ove®a period of 6 months beginning occanographic conditions at an industrial waste
in late 1977. The Directory will rbl} made available disposal site. NASA-aircraft acquired multispectral
. through subscription andwill be'updated every 8 scanner and aerial photographic data over-an or-
weeks. . . S . ganic sludge so as to track the distribution of waste. [
As air traffic and the complexity of regulations .\ similar cxperimert followed in December'1977,
“and control procedures increase, more specialized  at a Deepwater Dumpsite in the- Atlantic Ocean. - -
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of the weather’s influence on potential crop yields.
Statistical climate crop yield ‘models developed by
thé Center for Climatic and Enviro mental Assess-
ment support this experiment. LACIE_also is' pro-
vided periodic assessments of the effects of weather
and climafe pn crop production over the' major
agricultural regions of the world. Thesc assessmerits
utilizeSenvironmental satellite data to supplement
information available’ from the limited _network

The-automated approich to aeronautical ¢

hart pro-

duc

“.vid

i?" wa¥ demonstrated - this year when Radar

_Maps, generated by this system, were rated

bythe FAA as superior to those produced manually.
Thi project is expected to make more efficient .use
of personnel and increase responsiveness to chart

.preparation dead]i’nes‘ .

- Use of Sensor Data from Aircraft )
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- o ‘Introduction

In the twenty yearsvo{t'l;lé"Space Age, the Depart-
ment of Energy (DOE) and its predecessors, the
Energy Research and Development Administration

and the Atomic® Energy Commission, have had a :-

Department of ‘ﬁergy ‘J

growing role in our country’s exploration andeex-
\J

" ploitation of space. From a few early earth-orbital

missions through lupar landings to long-term outer-

planetary journeys, the compactpess, reliability and &
plies have been .

life of nucléar isotope’ power
essential to mission success. A comjnuing primary
goal is to support -the nation's civilian space ex-
orientation toward

NASA 'mg'shsjons which depend _upon delivéry of -
adequate electrical power while operating in a -
.. Temote, hostile, oy spegialized environment.

In addition to the space applications of nuclear . .

power, the practicability of using space for applica-
tions that bear directly on the nation's energy

~ problems is being investigated. One can foresee the

 lites to the needs of tomprrow's world.

6 -

possible adaptation of today's spacecraft and satel-
R New spate
spin-offs from today’s technologies-

Play an important role in re-

technologies and
will undoubted]:

solving odr energy pjoblems. -~

Space Applications 6f Nuclear Power -
Program Objectives’ - A

yIn supporting NASA and DoD, DOE applies its
various resources with the following intent:

e to exploit fully the results of prior research in

nuclear fuel and special materials, thermoele¢- -

" tric elements, and carrthidate engine systems;
. ® to develop, analyze, and Yesign .toward. the
" specific performance and environmental re--
‘Quirements established for the mission;
~ ® _to deliver environmentally acceptable, opera-
- tionally safe, and technically qualified nuclear
enérgy systems to the user agencies; -
‘e to develop power systemns technology for futur
. Tequirements directed toward increased power,
improved .conversion efficiency and safety, and
lower cost per electrical watt;

»

- . . ) . ‘

o
o0
v

* to ensus® the effectiveness of safety and envi-
ronmental requirements for space nuclear sys-
tems operations;, T T

e to perform data reduction analyses - on
launched or deployed nuclear power systems

for comparison with predictions and for guid-

- afce toward™fyture design alternaﬁves;

e to initiate studies on the technology of alterna-
tive power sources, such as reactors, for poten-
tial high-powkr-defnand‘applications. _

In support of these objectives, tMe expertise at
government-owned, ‘
tories is critical. DOE has recently compléted con-
struction of néw plutpniem-238 fuel fabrication

laboratories and plant facilities at the Savannah ]
River Plant site. Supporting research in fuel and’

advanced heat source ‘design is conducted at the
new Los Alamos Scientific Laboratory Plutonium
. Facility. Continuing research and improvement in
containment capsule materials is: pursued at Qak
Ridge National Laboratory and at the Mound Fa-
cility where heat - source assembly functions ‘are
ilso performed. : . V :
- ) P . o 3 ' ’t
Program Abstract

'DOE's Office of Space “Applications is the key-

contractor-opetated “' labora-

e

stone in the structure linking nuclear materials and, »”~ -

their technology with' the Space power requirements

of other government agencies. The Atomic Energy
Commission, fulfilling its historic role in the devel-

opment of special nuclear materials for- peaceful
uses, provided the technical base for production of

" plutonium-238 in suitable quantities for space ap-
plications. This radioisotope has become the work-

- horse heat source for the majority of systems past, .

present, or future. Its 87.7-year halflife and its
alpha-emission decay sclieme combine to enable de-
sign a'nd‘developmenE of space. power supplies with
light weight, little shielding and long-term “opera-
tional reliability. : )

In one of its essential roles, the Office of Space |

Applications seeks to effectively cduple its expertise
in nuclear technology with-the skills of commercial
contractors. These contractors provide the develop-
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* ment, fabrication, and support fuhctions needed

~"to deliver safe and efficient systems 1o corivert the
radi;?ismope decay heat into electrical energy. The
so-called static' conversion “systems use solid state
thermoelectric couples providing up to 500 watts
‘of stable direct current to the spacecraft. Develep- _
ment of static convemers is continuing, pointed to-
ward higher efficiency and greater modularity. Dy- -
namic conversion systems transfer the isotopic decay
heat to a working fluid, which actuates a generator
thraugh either -a ‘piston or turbine system. . Two -
such systems are currently under development, with
expected. efficiencies in the range of 18230 percent,
suitable to power requirements in excess of 1000
watts, 7 : "

In its corollary role, the Office of Space Applica-
tions maintains liaison with NASA and DoD to
explore and fulfill their’ needs for space nuclear
power. The instrument of -Jiaison ‘is the coordinat-

i‘nlcrilgcdcy agreement sui)portéd by appro vx:‘nely
funded procurement requests. Mutual ulfillment

-port for these culminati.ng events also is.provided

is evideﬂt\:: launch or depldyment; .mission sup- .

to ensurc Complete nuclear safety coverage, where
required, and to agist in’ data review ,on a’post-
launch basis. o L -
Studies of trends and national needs of the future
have indicated a powr)'tial requirement for reactor-
based power systems to prewidtey10-100 kilowatts of
clectrical power for spécialized applications.. Ad-

- vanced dynamig conversion_systems are expected to

be used with these reactors as schedules develop.

Program Progress 7 '

.

The following tgbic provides a brief recapitula-

tion of spicg nuclear power systems (radioisotope

thermoelectric  gencrators (RTGs) or reactars)

/

~

supporting the indicated successful NASA or DoD.

ing committee; the vehicle of implementation is an missions: :
: ) o . . . R
B T - * Stimmary of U.S. Space Nuclear Power Svstems *(1961-1977)
/ ' T i
- System ‘ o / Mission .  Launch Date : - Status s
v - . ) . . . .
s —
Snap-3A RTG Transit 4A° 6/29/61 % . - 2 Achieved orbit R L
¢ Snmap-3A RTG, © Transit 4B | 11/16/61, P ol Achleved orbit ’
-Snap-9A RTG - Transit” 5BN-1 9/28/63 - ! «  Achieved orbit
Snap-9A RTG - Transit 5BN-2. 12/05/63 Achieved orbit
Snap-10A' Reactot - Snapshot N 4/03/65: . " "Achijeved ‘orbit . '
Snap-19B3 ‘RT¢ * Nimbus - ©4/14/6% ) Acltieved orbit  « B
-Snap-27 RTG , , Apollo 12 11/14y69 Pliced on lunar surface ,
Snap-27 RTG Apollo 14 . sy . Placed on lunar surface
Snap-27 RTG Apollo 15 7/26/71 . Placed on lunar surface
‘Si1ap:19 RTG Pioneer 10 3/02/72 ’ ) ~ Operated to jup_ilm;z
Snap-27.RTG . Apollo 16 * 471672 . - Placed on Iunar sutface ,
Triad~RTG “-  Transit . 9/02/72 J Achieved' orbit .
" Snap-27 RTG -, © Apollo 17 v, < 12/07/78 . Placed on lunar surface
Snap-19 RTG . . Pioneer 11 ) 1/05/73 - S Opcerated to Jupiter;_on way to Saturn
Smagel9 RTG T Viking 1 & 2 Y 8/20/75 & v Landed on Mars -
- : T 209/75 . : (’ . . ' _ .
MHW RTG '/-' Les 8/9 - 3$/14/76 _ . ) : " Achigved orbit .
MHW RTG, -y naVovager | & 2 8/20/77 2 ‘f L. Launck‘d on way to outer plancts |
u . S . : > °. ’ ' '

905777

(92

LB

Current Status. As of the end of 1977

e The Transit, Snapshot, and Nimbus systems
arc in up to 4000-ycar-lifetime orbits after
fulfitling numerous program objectives and in

~ certain cases indicating .arcas for design im-
provements. . e

o Thb Apollo, Lunar Surface Experiments Pack- "
-age (ALSEP) units were established by . the
Apollo explorers in five different locations on
the Moon. Specifications called for a one-year
operiting life for the first four ALSEPs and
. two ycarslt‘or the Apollo 17 st:ltilon; a]l have
excceded this requirement by delivering power
up to the official termination date of Sefjten-
ber 30, 1977. As a® consequence of the rcliub‘le
performance of both the power supplies and,

'3

the scientific instrumentation, NASA- has ac-
ciniiilited eviderice of approximately 1,000
moonquakes and 2000 mecteorite impacts, in

lition to obtaining data on charged particles

. -}‘ﬁgtlfe Moon's atmosphere and on the mag-
interior’ lunar. struc-

dc
metic environment and
“ture. ) . {

- exl'wenty trajectory morfths after-its launch in
-March 1972, "Pioneer 10 encouwtered Jupiter,
performed closc-up .studies of the planet, its
moons, and its environment, and transmitted
these data to cager scientists ‘on Earth. The
fofn'..r:ldioisotopc thermoelectric generators on

this spacccraft continue to report their own

power output and scientific data after 5.6 years
of scrvice and from’ a ‘distance exceeding 1.9

v

N s —61

Y]
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- billion Kilometers from both the Earth and the

Sun."System performance is fol wing an ex-

s+ pected ‘trend, while the spacecraft follows a
solar system escape trajectory. '

' Pioneer 11, technologically a twin but prograf-

.matically different, performed a Jupiter flyby .

maneuver and. then was targeted -for Saturn en-
‘counter in'1979. Power system performance data,
reported in flight from a distance of 1 billion kilom-
etersgrom Earth, aggin indicate a stable, predict-

. »
- . .
]

space. Reports.telemetered from the: Voyagers
fr?fcate_smblc operagion gf the MHW gQ]ceraf
tofs ard favorable prognosis for data retri val
at’ Jupiter encounter in 1979 and Saturn en-*

. counter in 1980-1981. 1t is anticipated that

the generator lifetime will be adeQuate to re- -«
g

. turn information from the approach to Uranus
in 1986 and possibly from Neptune in 1989.

“Trends in 'I.‘éch.r?ology. Materials technelogy and
generator design-have shown a steady évolutipnary

-

g able output after 4.5 years of operation. improvement as the space nuclear power program
. ’I“heQViking laridiss were. su&{sfu“y posi- ‘udyz’mccd tq/v‘ﬂieet the‘ challenges of ever moré
) tioned at two selected sites on the planet Mars ~ Stringent mission requirements. Selection of fuel .
on_July 20 and September 3, 1976 after launch material was v]lml[Cfi m‘mnll‘y to pluton}ugl-?38 :
‘ on August 20 and September 9, 1975, respec- ‘n}eml or an alloy with zirconium; these materials
. tively. The soil. mpling apﬁznratus, the com- yielded 6-7 t‘h(vzrmal. watts'per c1‘1b1c-ce‘ntlmqter of
‘ plex"sen’so sand analytical laboratories on - fupl_, but-were not co‘mpaul)lc with t~yp_1calﬁ‘capsule
. board the landers, and the telemetfy and tele. ~ M€tals at .elevated temperatures. Plutonium-238
. ¢ wvisien equipmeni transmitting information to  ©Xide microspheres, fused to_high density with a
' Earth were depcndeht upon the rndioisotope pl‘usmnv toth, }verf_:‘much more- stable jn contact
, thermoelectric “generators, (RTGs) for con- _w1;h containment metals at elevated temperatures, ]
‘tinu‘ing power supply. Thesg units remajned but suffcx;ed frpm A lva power df;nsny_l of 2.5-3.0
viable throughout the digrnal and seasonal. -, Watts per, cubic cemtimeter. Significant " improve-

. “-temperatyre " variations eharacteristic. of the, -Mcnt was nchleveq with rpqubdeﬁllm-coa;ed par-

. - Mars weather patterns. In t, some heat from tl\cles,v_hot-preSsed nto a dlSk‘; This ‘fuel“ rmv;was P

" the gencrators also was diverted periodically o~ Much more. stable toward its “environment- and .

' keep. certain lander equipment warm during show'ved.n power density~imexcess of 4'0 watts per )

. the colder periods. “Latest reports from the -CLEbrc,;cenumcter. Furt}‘le'r'ndvnnta‘ges‘were achle}/ed: .
“lander telemetry system-“indicate stable per- . with a }‘1ot-prcs§e‘3d‘ s'phcre of plutonlurq-23_8 0*1d§,
. for ce at a predictable power output level,  Welded into an iridium capsule, :'{nd cushioned in =
aftérfmore thamra year.on the Martian surface. ~ # Protcctive fibrous graphite: imipact shell."This ,
e The|Lincoln Experimental Satellites (Les 8/9) fuelgd um'E not only operates at high temperatl{l'es’

-7+ - . were|launched in March 1976 as communica- . Pt is des‘lgned‘to withstand reentry h,eat and im-

o tions 'satellites. The radioisotope generators o Pct and to resist corrosive action!in dny caviron-
board not only provide necessary” operating ~ 'ment. X
power but also are to demonstrate the depend- ‘ Vhroughotit, the design histo‘r)" of space ‘nuclear

(. ability and’survivability of a satellite powered - power systems, severely competitive trends in spec-

, in this manner for long-term"operatipn in a lﬁc;mou are cvxdc‘nt.-vIncreas‘mg power- demands
"hostile environment. At last check, the nuclear” liave Dhéen- tempered by cofistraints on . payload *
power supplies weré _delivering pawer slightly,’ “eight; as a consequence, engineers used beryllium
in excess of expecpations, and perfermance was™ - and specialized, graphites to reduce power systgm )
very satisfactory.{The record of Les 8/9-gen-  weight. Increasing safety requirements for launchg® 8.
erator performnnce lends encouragement _to  and’ possible. reentry situations r'es\ul_t’in_”muktiple.(
use of the Multi-Hundred Watt (MHW) units chcznf)sulz“fion with resistant metals; in response,

- inother applications  where Earth-orbital ~ g4 specialists develope@t fuel -forms with higher ~
- power supplies are required. . - .+ power density and improved mechanical and chem-"
e The two Voyager spacecraft (formerly” des- ical stability. h Co ,
" ignated  Mariner  Jupiter/Saturn).  were P o ; ‘
launched from the Kénnedy-Space Center on 4 S{m:l;uly. ‘the development of l‘h’CI moelectric con-
Adgust 20 and September 5, 1977, respectively. verter n‘uftermls has begn responsive to the,d‘emands .
.. Each was powered for its scientific mission - for additional power without weight penalties. _’I‘"hg ; ]
. studies by three MHW generators. Théir com- -, lead telluride modules of ‘earlier systems were im-
bined output was on th.e order of 475 watts  .proved in efficiency by use of a tellurium-gntimeny- .
per spacecraft.” The total nuclear power al- ananium-silver leg: by this expedient,, . the .
_ located for this mission* essentially equals the _tonverjen factor rose,from 50 t3 6.3 percent. An !
total ‘of all previous missio currently in- “ydditighal incrbemc!lt in efﬁcienc_y was achieved by
62 . . . ‘ %‘.' ._\" %‘{ ‘, . T
< , vy . :
. - LT 58 —
. c . 3 . B ~
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adoption of silicon:germanium couples; conversion

‘ rose to 6.7 percent, and the higher operating tem-
erature enabled greate : .

perature e le(_ greater wa%tlgc out.pvut‘ )

t

D

o

sRepresentative materials and their performance *
parameters are tabulated to show the steady prog-
ress to date:

- p - - , _ —
" Generator - - Snap-3 T Snap-27 N Snap-19 MHW
-~ Mission Transit 4 . . ‘.-\pollo‘ . Pioneer Les 8/9 -
Fue! Form . . Pu-metal ¥ \ PuO, microspheres  Puor, Mo cermet Pressed PuQ),.
Thermoelement: _ PbTe o *, Pbsule . PhTe-TAKGS SiGe . .
- Specific Pawet, w/lb 0.67 . 1.06 | ’ 136 1.90
Conversion_cfficiency, percent 50 4. 5.0 o 6.3 6.7
R - Trends in Systems. To date, the static thermo- . ipation of this requirement, DOE has iditiated.

electric conversion. systems have satisfied require-
ments for up to 500 watts of elecerical power; de-
livered reliably for mission durations of up to ten
’ years. Conversion efficiencies in the range of 5 to 7

percent, however, may limit payload weights and -

therefore scientific opportunities. may not” be real-

ized. Research has proceeded on a class of selenide
thermoclernent materials which have shown 8%

percent conversion factors in the laboratory, and
appear to be capable of developmefit toward 10-15

percent efficieney. When- achieved, the synergistic-
- : - .o ! . 4
benefits of. nuclear power and optimal conversion .

factor will provide striking advantages in :retrieiijl‘
~ of scientific data from outer-planetary] missions:

o

. In angicipation of near-temn requirements for:

' nuclear electric power supplies capable of deliver-
ing 500-2000 watts, DOE has coupled its nuclear

.« *expertise with industry in the development of both

> a Brayton cycle engine and an organic- Rankine

.

N, cycle engine. It is expected that either of these sys.
tems, when chosen for ﬁig'ht development, will have
_efficiencies approaching ‘30- percent. o B
The trends in technology and systems, pursued
with adequate and well-managed resources, will
lead toward continuing progress and new outreach,
as suggested by the charts.
;- ¢ :
A : Program Planning
-~ 'rf N
/ In the summer, of 1977, Congress approved

and began funding the Jupiter Orbiter /Probe, a
NASA mission scheduled for launch in 1982. Its ob-

o . . . . 1
: jective 1s to further explore the einvironment. at- .

mosphere.” topography, and structure, of that fas-
: cinating planet. Ini support of this endeavor, DOE
has undertaken to develop the selenide isotope gen;,
erator, incorporating the higher efficiency selenide
conversion materials and the flight-qualified MHW
‘heat source. Two generators delivering 240 watts
each comprise the nuclear power complement.
Additional NASA" missions proposed as FY 1979
“new starts” include the solar-polar mission for
_launch in 1983; this mission is sponsored jointly by
NASA-and the European Space. Agency. In antic-

.t

E
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‘kilowatts, To support the indicated near-term need
“for the lower power levels, DOE is actively explor-

ment and engineering are progressing in each area:
ground demonstrgtion tests arc scheduled for early

design and materials studies on a general purpose
heat source. which would be coupled with a sele-,
nide thermoelectric converter. Improved perfor-
mance and safety ‘benefits are expected from this
combination: e LT ’ .
On the horizon~ are DoD requirements which
indicate a need for -(a) systems. supplying electrical
power in the 1-2 kilowatt range, and:-(b) consider-
ably more substantial systems deliverihg’ ‘10-100

ing the relative merits 6f two candidate’ dynamic
/¢ Brayton isotope power system and the
t -isotope, power’ system. The “latter system
oys an organic Rankine cycle engine. Develdp-

K

1978 and detailed evaluation will be pursued to

“enable selection ofsthat system best fulfilling its

functional specifications and_best suited to the con-
ditionis of Shuttle launch. A demonstration flight

" ctest -in 1982-1983 is contemplated as part of the
DoD.space test program. Affirmative results from
that demonstratipn flight test would be significant

input to the selgction of the power system for the
global positioning satéllite, deep space surveillance
systems. and géneral purpose satellite communica-
tions_system?’ - - .

For th‘g'ﬁ'ighcr kilpwatt range, isotope power con-
verterg-are not viable candidates: rather. space- .
borne reactors are apprqpriate."ngnlcx'ogxs'gnogmd-
based reactor systems already have shownpromise
and studies leading o development of their specific
utility for space applications aré planned as a con-
tinuing clement of the DOE space pdwer program.

Space Disposal of Nucﬁar Wastes

A (‘(3()])(3}5‘\{'“\'.0 study with NASA /Lewis Research
Center in FY 1972 investigated "the feasibility of
nuclear waste disposal in space. It was determined
that spacde disposal could reduce but not eliminate
the need forggerrestrial ‘(“SPOSH]- m(thods. It was
ilso ("«)n(h[ﬁ that :nd(h‘lion:ll,,';"ixoccssin_g would

s £
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be required to concentrate the long-lived radioac-
~tivity fractiqn for trangport to-space. During the
past year, DIOE provided further information to
NASA to support a study to more speciﬁ‘cn’lly iden-
tify, tlfe possible applications of the use of the Space
Shuttle for such disposal. The NASA study is
scheduled for completion in 1979."

'

Satellite Power /étations

Satcllite Power Statiofis (SPS) in geostationary
orbit, which would convert solar energy to micro-
wave energy for trafismission to Eartli and ultimate

use as a terrestrial encrgy source, were first su(/
. ' IS

‘gested
‘by NASA. In 1976 the lead management responsi-

,Progress in Space Nuclear Power:
NASA Missions’ 4

. -,

»
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) Jupiter‘Orbiter/Probe
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m 1968 and in recent years were lhl_dc;'&sm;ly '
bility for the SPS endeavor was transferrell from -
NASA to DOE. o ,

During 1976 a DOE task groupsstudied the SPS
coucept, including th¢ NASA “adtivity,. and " con-
cluded that, while

P

o obyious or clearlyqunsur-
‘mountable problems were identified, insufficient in- -
formation was available for dny significant program
decisions. The task group recommended a three-year,

- program, of studies leading. -in 1980, to a recom-
endation regarding the advisability of continued - .-

1
(?evelopmcnt cfforts. In recognition of the technpical
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breadth of the reconfended study, an SPS ‘pa'nnel
-of a DOE/NASA coordinating committee was “es-
. ctablished in late 1976. This panel prepared, in May
- 1977, a program plan for the development and eval-
uation of the SPS concept. In this plan, NASA is

sible for health, safety, and enyironmental  factors.
s’ocio-econehic\is'sues, and’comparative evalultions .
with terrestrial alternatives.3Puting 1977 joint ef-
. forts by NASA and DOE in_implementing this plan
were accelerated. R L

~ . . e .« . e . . . Lt
- Towegponsible for systems definition; DOE is fespon- . -4 . . -
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. created a growing interest
. satellite "data,

T . Lo

W -
-
.

® Introduction

The Department of the Interior is responsible for
the nation’s public lands and for maintaining a

. balance between . the use and conservation of na-
 taral resources on these lands. Effective resource

management and rescarch require accurate and
timely data, whether collécted an the ground, from
high- or low-altitude aircraft, or from satellites. In
some investigations data from more than one level
of observatiofand from various sensors such as
‘multispectral scanners, cameras, and radars are use-
ful. T collect data, ghe deparument reliés on air-
craft for zlcqul'ring;r -aerial photsgraphs, carrying

. experimental irborne instruments, and executing
programs such as selection of utility corridors,
» cadastral surveys, and resource inventories. i

The need for surveying and repegitive monitor-
‘ing of vast and often inaccessible areas has also
in the .dep;u'lment, n-
primarily from the experimental
Landsat system because of ‘its synoptic, repetitive,
and uniform coverage. Digital Landsat data have

. made possible the extraction of information by

computerized techniques. Because of the flexibility

that digital data off¢r in collecting and managing

large volumes of information, resource managers-in
some burcaus of the department are incorporating
this new technology into their activities, :

Earth Resources Observation System; Progrém

The purpdse of the Intdrior Department’s Earth
Resources Observation Systems (EROS)  program
1s to develop, demonstrate, and encourage” applica-
tions of remotcly-sensed data acquired from aircraft
and spacecraft which are relevant to Tunctional re- -
sponsibilities of the department. The primary areas
of activity are:

e applications demonstration and research

e user ssistance and training

e ‘data repréduction and distribution.

. ! .
The key facility of tlie: EROS progfam is the

EROS Data Center (ED(Z)' in Sioux Falls, South
Dakota, the principal archive for remotely sensed

&

N o Y

~data collected by U.S. Geological Survey “(USGS)

aircraft, by National Aeronautics and Space Ad-
ministration  (NASA) research aircraft, and . by
Landsat, Skylab, Apollo, and Gemini spacecraft.
Training and user assistance in applying remote-
ly-sensed data -are also major functions ef EDC.

To facilitate regional applications, the EROS
program operates thf‘cc Applications Assistance Fa-
cilities where the public may view microfilm of
imagery available at the. EROS Data Center and

‘recelve assistance in searching and ordering data

via computer terminal’link to the c{ntr}ll confp_utel‘ :
complex at Sioux Falls. \ o ke

Application Demonstrations and Research

EROS program scientists seek new‘applications
of remote sensing to significant resource and envi-
ronmental problems, commonly in cooperation with
other organizations. One example is the Pacific
Northwest Land Resources Inventory Demonstra-
tion Project, sponsored by the Pacific- Northwest
Regional Commission in cooperation with the
EROS program, the Geography program of. USGS,
and NASA! This project has demonstrated the util-
ity of Landsat data from these programs for re-.
source management in the states of Idaho, Oregon,
and Washington. It is estimated that use of Landsat-
data will permit a forest inventory of wédstern
Washington (40,500 square kilonieters) to; be com:’
pleted’ in one half the time and at one tenth the
cost of stindard methods.. A survey monitoring
urban change was done with 98 percen( accuracy
in I man-month using Landsat data from these
programs tversus 15 man-years using standard
methods. Because of the useful results ,already
achieved: an operational resource inventory  sys-
tem in the Pacific Northwest based on the use of
Landsat data from these p_};@l";ilﬂﬁ is planked. |

Other current :lpplig:ntio‘n demonstrations in-
chude: -

-

e Delineation of ghacial moruines iy _the north-
ern midwest by visual analysis of subtle terrain
features onji mogaic of 54 Landsat images ac-
quired duying spring 1972-1976. o ,
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T8 Expenmemdtlon with' optical and digital cn:
. hancement 'chmques on Landsat imaggs of
_~the Sar amChann l to facxhtat’e detec-

“tion-of- “in “coastal W'It o : .
Application. of the Australmn cohcept of Lmd
systeax mapping to. the California Desert Con; -~

serv
ment and EROS ire cooperating in this itudy,
using aerial photogl.\phs Landsat data, and
interactive computcr analysis®to classify the
soil, vegetatlon andform, :md other surface
Pproperties.

e Use of Landsat intagery of the Trust Territo-
ries in the Pacific to.aid in delmeatmg shallow
bottom features, Through special arrangements
with NASA, ‘band 4 of the multlspectml

- scanner was operated in the high- gain rode,
thereby enhancing the underwater features in -
the shallow seas.

e Use of Landsat data in Project 143 of the
United Nations Educational and Scientific and
Cultural- Organization (UNESCO)- -sponsored
International  Geéological Corre}atlon Pro-
gramme.

e Training and, consultmon for a Landsat in-
ventory of natural r rces of five Central
American countries, ﬁe performed by the
EROS program and Purdue University with
funds from the InterAmerican Developmcnt
Bank. = .
Use of ,Geostationary Opcmtlon.ll Environ-
mental Satellite - (GOES) and Landsat data
collection platforms to monitor stream flow.
water levels, snow pack, weather, and volcanic
events in Chile and Bolivia.. Performed cqop- -
eratively with those two countries bythe EROS
< program and tlie Water Resouxces Division of
USGS. A

N h
[ . ’

Data Reproductwn and Dtstrtbutxon
-»

Since lts cstablishment in 1972, EDC has dis-
tributed approximately 1.8 million 1eploductlom
from the nearly 6 nfillion images: in ~the data base.
Half of the reproductions were fromg Landsat im-
agery, and in gddition to images, nearly 6000 com-
puter- comp'ml ¢ tapes of Landsat. data ha\e been
supplied to usee{ : )

Dbllar volume of “all preducts sold in 1977
amounted to about $2,500,000. Landsat. products,
while comprising only 18 percent of the data Base,
accounted for $1,674,000 or 62 percent of the total
sales. Of ‘that -total, digitally enhanced scenes
amounted to "$137,000, and computer-compatible
tapes $374, 000 or more thian 30 percent of total
Landsat sales, lcﬂcctmg the increasing trend toward
digital Jnoccssmg of Landsat data. Foxc:gn users

n Area. The Bureau of Land’ ‘Manage-"*

sat data, accounting for appxox:matel

24 percent.

the:

_shore oil and gas development.

and mdustly are the prmcxpa} purchasexs ¢f Land-
32 and 27
percent respectively, of the total s3 ‘he Federal .
government 'is. the next largest categoxy, at about

.

A digital lmagc plocessmg stem is being
1éadied, by NASA ahd EDC to ?){'ovxde products -

from Landsat C data, expected n '1978 which will -

‘be superior to tT"Q&g&mm Landsats 1 and 2. burmg

1977, about 175 Landsat-images were computer-
enhanced for special orders,’ appreximating the ,
image quality that will be routme]y available w1th
the new system. )

National Cartegraphic Information Center

EDC also supports the National: Cdltogldphlc

~Information Center, a facility of USGS which pro-

vides cartographic data and information on acrial,
photogl.nphs from Federal, state, and private or-
g.mudtlons as well as data collectidn plans of those
organizations. To facilitate the purchase of im-

agery from satellites and aircraft by the public, a_ -
-number-of NCIC offices located throughout the

country are connected by remote terminals to the
central computer complex at EDC.

Monitoring the Environment

Alaska ' } ' 7

To provide data with which to analyze the en-
vironmental impact of oil ‘exploration on the Na-
tional Petroleum Reserve in Alaska, the USGS
Geography program made a digital classification of
land cover and vegetation on ten. Landsat
images. covering the avea.

Clizlng,psfn the Gulf of Alaska shoreline since
1941 were dll.lb’/t(l from various sets of aerial pho-
togmphs to assess a potential staging area for ofT
N ¢

During two months. of Alaska’s dry. qumme'F
more than 500 fres burned about 8100 square
Kitommyeis of forests. The state used a Landsat
rangelahd inventory to decide where to concentrate
fire profection.

Mining jActivities

Becfuse of the increase in surface mmmg activ-
ities, Capservation Division of USGS is using aerial
photograpks and satellite imagery to delincate var-
ious categorids of surface mining operations and’
stages of reclymation in the Powder River basin of
Monl.m.n apd Wyoming and in southeastern Idaho.

; otographs and Sk)ldb and' Landsat images

3

-are being evi nlu.ntcd for usc in mapping land- use,

~
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vegetation, and dra’inz;ge in preparing environ-
mental analyses and impact statements. L
Bureau of Mines has funded four new. remote
sensing projects as part of its"State Liaison Pro-
grani. In, New \Mexico, the Navajo and McKinley
coal mines, &rants uranium district, and potash
mining areas. are ‘being monitored from Landsat
imagery. Digital Qnalysis of Landsat data is being
used for monitoring phosphate mines in Florida
and kaolin mines in Georgia and South Carolina.
* The Mining Enforcement and Safety Administra-
tion' is using aerial photographs-an®&gatellite. mul-
tispectral imagery to identify linear t&ytures that
may be related to fault and- fractuke §ystems, to
evaluate mine. ground sg: bility. and to locate and
monjtor leakage and n/c')‘:'cmcnl of mine embank-
ments-in surface and undei‘groun,d mines. These
_cfforts to identify potentially hazafrdous ground in
mine arcas have becn applied to dver 100 sites in
26 states. . . .

-

. - ——— -

Indian Lands . \\w

r .

" "The Bureau of Indian Afaits, NASA, and USGS
cooperated to obtzniryhigh-ﬂtitude_:leri:ll-\L)hotog-

raphs of all Indian lands. The project was ex-.
tended to include orthophotoquiads, which will be®

“used in a census of Indians in 1980 by the Burcau
of the Census. S s
Data Collection Systems o ( i

The Satellite Data Relay Project’ of* the USGS
Water Resources Division coordinated the - instal-
lation of field radios (Data Collection Platforms)
at 100 hydrologic sites in the United States for test-
ing the GOES telemetry system. Field installation
of 11 Comsat General platforms has begun in

“preparation for a 1978 dcmonstr’on of the com-

mercial system.

h’l US®/ Geologic Division is coopérating with

Q

'NOAA%ina study of-the Earth's magnetic fleld. The
GOES system is used to relay information from 25
strategically placed magnetometers to the NOAA

facility at Boulder, Colorado, where quick access is

available to researchers via 'colnputcrs.
USGS geologists are also using the GOES system
1o monitor wariatfons in the abundance of helium

in the soil in remote Nevada locationsThe infor-_

mation is used in carthquake prcdictioniﬂ‘cse:lrch.

Research

-Geology

Plan(’lary studies. The USGS provided scientific -

leadersgip and technical support in planning the
g . s . . . " A . .
Viking mission, in orbiter and lahder imaging, and

Y
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in geochemical ahalysis of the naterials on the sur-
face of Mars. Large-scale maps were made of the
landing sites, and uniform scale mosaics were made
“of \Marge aYeas of the planet p'hcr&)graphed,by the
othiter. These will serve as aibasis for % new planet-
wide mnap scries for Mars. ¥ . ’
USGS Minerals Land Assessment Program. Meth-

ods developed for discrimination of hydrotherinally
altered rocks by ratioing and contrast stretching
and mapping of major structural lineaments with

Landsat data are being applied in a new explora-
tion ‘mog}el for southern Arizona. .

. In the Powder River Basin, Wyoming, Landsat
Jimages are being used in developing techniques for -
detecting subtle ch;liges in veg®ation cover, which
may indicatd the presence of altered rocks and .
mineralized areas. Data beyond the spectral range
of the Landsat multispectral scanner were acquired
by an airborne scanner; '

Hydrology - : . ‘

USGS hydrologists are studying sea ice in Arctic
and Antarctic regions as part of the ‘Arctic Ice Dy-
namics Joint Experiment, using data from aircraft
and from the scanning microwave” radiometer on
Nimbus 5. These data indicated that ther¢ was only -
a 50-percent concentration of ice in 100,000 square
kilometers of the Arctic ice pack. Four years of

.
N

) daas ow that the morphology agd dynamics of the

ice ar€ fyr more complex than was Kjtherto realized: .
Landsat and NOAA satellite imagery were used

in USGS research on sca ite dynamics ar]d zonation

in the Beaufort Sea and tﬁ»}jé_i'r-‘r'elation to bottom

. morphology and geologie pybeesscs: The usc of arti-

ficial islands, placed t3Todify the -ice zonation.
‘was proposed to make thé%fshorc environment less
hostile. ) S .

Bureau of Reclamation usés imagery of clouds

' from GOES to analyze storm systems in a research

study of harsh winter climate in the Sierra Nevada
Mountains and to forecast and control experimnéntal
events in Project Skywater, a_weather modilﬁy)tion
program. Aircraft ar¢ used for data collection and
cloud seeding in these dxperiments.

Land Use

The Geography program devised efficient com-
puter techniques to produce a land cover map of
the Washington, D.C., metropolitan ‘area compiled
from October.and April 1973 Landsat data. Part of
i six-map folio at a scale of 1:1,000,000, the map
is overprinted with place names and landmirks as
well as census tracts on the Universil Transverse
Mercator rectangular coordinate systen.
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In 1977 NASA and lhc USGS started a three-year

" cooperative Apphc'mon Systems, Verification and
. Transfer project to test the feasibility of the opera-

tional use of Landsat digital data for change detec-
tion and updating land use and land cover m.lps
being produced by the USGS Geogmph) program.

Mnational Activities

'In addition to [he -remote sensmg workshops=-

conducted for foreign participants by the EROS
Data @emer, USGS cooperated with lhe.pDcp.n t-
ment of State and varions international organiza-
tions n offering technical assistance, consultations,
and priefings on the .npphcnlons of remote sensing
data to 60 othei: countries,

¢ USGS with the U.S. Agency for 1'nlex national Dc-

velopment (AID)" spongsored! thé” Fourth' C:ENIO
Workshop in Turkcy, and contributed to the devel-
opment’ of remote sensing #h Iran, Pakistan, - and

- Turkey. Iranjis also "being assisted in starting a

Landsat data cénter as an adjunct to their planned
ground recgiving station.

54

. Ngcn.ls new Ipdcml Clpl[ll cny,

px ojects.

’
\lso in LOOPU mon with ~\ID USGS scientists

,p‘uuup.llcd i dlscusslons about apphcmons of

Lindsat data in a scries of television programs
(AIDSAT)" re a)ul to 26 countrics by the ATS 6

- communications satellite: A~ pxogx am with Thailand

csl.lbhshmg a4 remote scnsmg center for reprodug-
g data and lrunmg stalf has l)cen extended for
another year.” A photomosaic was prepared for a
Philippines lund reform program. New faults were -
discovered on landsat images of Jordan in a geo- -

_lOglL lll‘ll)l)lllg plOgl arm.

In. USGS bilateral ;lgrccmulls ;m(lsu data’
were among the tools used - in selccung a’site for
Land3at ap-
p]lc.mOns office was cstablished m’?m(h Arabia to

~aid 'in, assessing the petroleum and mineral re-

sources_and preparing base maps of that _country.

-Scientist from Iccland, Iran, ].np:m, Lesotho. |
Poland, Spain, @nd Thailand spent all of -par
1977 nonl\mg in USGS f.luhucs on remote sQpAl

nh/\/

-3y
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- Introduction - -

The Department of Transportation ‘manages a
and system devel-
opment program through its aviation component,
the Federal~Aviation Administration (FAA). This
program supports FAA's. major missions of dssuring
“the, sa% and efficient use
fostering civil/aeronauti
home and abroad,

. and air commerce at
nd prbmoting air safety.

.

f -

Air Safety |

N ~af : .
Minimum Safe Altitude_ Warning (MSAW )

The Federal Aviation. Administration nitiated.
this program in 1973 “in response to a Iational
Transportation Safety Board recommendation. The
initial effort concentrated on-énhancing antomation
in .the terminalsarea ‘of air traffic control by in-
troducing new computer software for the Auto-
mated Radar Terminal “System (ARTS-III) * at
major airports. The altitude warning, ;‘system re-
ceives surveillance and altitude data from properly

" equipped aircraft that are being“tracked by the air .
“traffic control system. These'data are compared’with
vhighest-points-of-ground.eleyation data contaihed in-
‘a terrain “map stored in the terminal _computer

. . . ca e o)
memory. Whenever an aircraft, is flying, too tow to

.the ground, the system provides the controller with

‘both an aural and a visual alert; the controller in -
turn issues a radid-warning to the pilot that he has °
descended below a minimum safe attitude.
-~ 'The altitude warning systepf{ was successfully
developed in an experimental fenvironment in late, .
1974 andgiven a field evaluation in 1975; by\lalc
1976, the program was fully operational at, three:
major terminals: LA Angeles, Washington
tional, and Dulles Internatio In 1977
warning systein became operatiopal at’ thie rer
ing 60 ARTS-III terminals. ]
FAA has also validated the requirement for al-
titde warning in the en route air traffic control
system. Like-its terminal counterpart, En Route

BN

"Minimum Safe Altitude Warping will be a ground- -

RIC

based aircraft altitude monitoring system tied to’

-vr

f the national airspace, 4

Voo : ' E ,'“/-
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t

| Department of Tran‘sporta'tionl'
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o~

the large central computer complex installed iy
cach of the 20 Air Route Traffic Control’ Centers
(ARTCCs) in the contiguous 48 states. Demon. -
stration ofathis safety feature to the operating. serv-

.

vices is planned for the fall of 1978.

i!’/ind Shear ' / - . e

- Since 1971 there have been seven' air carrier ac-
cidents in which wind shear—abrupt change in
\wind speed or 'direction in the approach/departure
one—was a1 ajor coqtribming factor. During
, F,Arﬁ]dsorcd research and development in
wree aréas in its search for solutions to this prob-
lem: te ‘ -

e tDevelopment of a ground-based hazardous
wind shear detection and tracking system;
Development of avionics to assist pilots in cop-
ing with wind shear encounters;
3 improved' techniques for=fore-
el wind shear associated with’
Ground-based sé¥or testing was
six airports using additional
anemomectersimounted in the approach/depar-
- tare zones to detect wind shear; airborne sim-
ulatign studies were alfo employed. Tech-
“niques: for displaying aircraft, ground speed
versus indicated airspeed wert developed for

casting " low-1
frontal zones.
¢dbnducted ‘a

IE

<

¢ airborne evaluation in late ‘1977.- Improved
forccasts of wind shear ave still being pursued.
\ . rauea

“Conflict Alert ' o ,

During the l:ls.m.'o calendar years, FA% has been
actively engaged in installing and bringing into
gperational use a conflict alert system at Air Route -
Traffic Control Centers and at congested airport
terminal arcas. By the summer of 1977, the agencydy
had successfully implemented conflict alert in nearly

-all en route ATC .airspace gnd had' begun, con-
centrating-.on  a* paralel pragram for terminal
areas. Terminal cgnflict aléft functions with the

yAutomated Radar Termina) System; it 4s similar .
operationally to the system -in

usesin the en route

: v (¥} "
sairspaces The (‘oml?uter ~soft®éc looks ahead®< -
- N . - ’ .
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,Systems. While thes

T.in 1977 -0on a broad program, {6 ex:
search and development. areas pertinent, to the cer-

along the flight paths of controlled nircraft. If 1o

or more planes are predicted to Aapproach unsafe
sepazations within 40 Seconds, tlic,terminal - cons
troller is alerted to the potential conflict by a,
buzzer and the flashing of “CA” on the screen of
his. display consoles. The controller’ then takes the -

-necessary action with the pilot to assure safe separa-

tion. _ N . .
In early 1977, the terminal conflict alert conty

-puter program began undergoing system test at

FAA's National “Aviation Fﬂci_lities,,Expcrimcnt,'l]"
Center, at Atlantic City, New Jersey. Field-testing
and evaluation in an operational. vironment were
)success_fu]ly'-com,pletc'(.l at the Houston In_tcf‘nn'-
tional Airport cputrol tower in the fall 'of 1977.

F @@ . .

. . -

Transport Safety - = A

New technology is emerging thjat has a higii prob-
ability of being used in the next generation -of jet
.transport aircraft. Examples of t]}is‘cnlcrgipg tech-
nology are composite structures, active control 'sys-
tems, digital avionics, and digital flight control
advances will lead to mgte
cfficient transports tifat- will produce a higher rate.
of return on investMgut by reason of improved
productivity and lower
'safety and certification
‘never before encountered. _
- Composite structures arc strongers and lighter
thap .conventional “aluminum strug ures; at the

problems that FAA has

Eamc time, thcir’}lck of yiclding ddformation be-

ore failure makes their behavior undef crash loads
-uncertain. Similarly, active control.systems and air-
borne digital. cémputers innnduce-’/(tliffm’ént.{'ni'r-'
worthiness concerns from thosc of, the past. "Thesc
include software validation, reliability assesynicat
vcxiiﬁéation, lightning and clectronmgnctic $
[erence effects, and failure detection.
- Accordingly, in concert yith the Nation; “Acro-
nautics and Space Administration, FAA efibarked
ine the re-

tification implications ‘of*these, tcchnolOgic:ll ad-"
vances. . : / ,
Fire Safety ‘

, . o '
L] . . .
FAA rescarch and development activitics during

- the reporting period in reducing the hazard of post-

€ }\\]:nit‘i:l (Mg a two'year cliort to (I-C,V\e]OP

crash fires includéd: “ )

_methdd for ranking a transport cabin’s interior

» . material' for its collective: comb¥istion hizards.

- This approach to’improving the postcrash fire

sgfety of cabin interiors gs novel because it
relates the corly}n’ustio{l pibperties of a cabin ~

.
3 T ‘ ¢

. ising. Efforts will contin

criting costs, they pose’

(+ ¢ Developed angl demonstrated low-cos

..;l' \ 7

N

¢ o

material to physiological tolerances within the
grﬁcrgcncy-eva'cuation environment found dur-
ing posterash fires., -, . .
.o Conducting full-scale cabin-fire tests in a sim-
ulated wide-body air carriercabimat FAA's
National ~ Awiation Facilities Experimental
Center. The tests were, designed to assess haz-
ards caused by burning cabin-interior materials

; and by the byproducts of burning fue] enter-
~ing the cabin. These tests are cxpected to .

. quantify hazard sources.

o Performing tests with the U.S. Navy using an
antfmisting additive in the fue] to minimize
the crash fireball. The tegt results praved prom-

Km ‘to assess and eval-
uate.the additive's compatibility with existing

+ fuel systems. - : . :

Aviation Security

The goals of FAA's civil n‘\'fintion security pro-
gram are to deter acts of terrorism or sabomgg
aboard aircraft and at airports. Rescarch and devel
opment programs. in this' area are. designeg, to
develop new deterrent systems as- well as evaluate
existing systems that may Jbe. used in the security °
program. These activities are coordinated with:
other U.S. agencies. active in bomb detection and
counterterrorisg. In calendar 1977, FAA i,

e Demonsifaged  an ', experimental
-radiation\gontrast system to detect bombs. in
luggage. Tests at threc airports using normal
passenger luggage with and withqut simulated
bombs produced excellent deteetipn rates ap'
low falstyalarm jates. Procurement of the sys-
tem for dperational use at airports s u’rfder '
way. § . S

o Id d locations aboard comunrergial aivcraft
where bonrbs discovered during flight might be -
placed with lcast risk to passengers and air- -
craft.”In all tests with live explosives that fol-

a

automated

1]

lowed these.least-risk prog&dures, damage was L
reduced to levels, that would have pel;'xgl\(tﬁfl ‘
- o 'L

the aircraft to land safely.
Tiers
- .and locker modifications ~that significartly re-
) :.dl}CC the. poteqtial death: ir;jul?, or’ damage
‘from* explosions if -airport . fockers. These -
straightforward ,design techniques limit dam:
ge to the immediate yicinity of the explosion.
ﬂiomplctcd an air-cargo bomb security study
that included progedures to prevent bombs
# .« from being.brought aboard air¢raft with cargo.
“o Fyvaluated all’ gonmuercially available explosjve-
- vapor detectors. Non¢ met FAA's requirements
_ for aviation security. :

- ;' i ’ ‘ -
[ -
2N .
i ., '
c . 5«
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.pe Started development of an expernunental bomb -

.

detector system using thermal neutrons, after
successfully denfonstrating the concept in the
laboratory. . . .

Successfuilly tested an experimental nucleai
magnetic resonance explosive detection system
in the laboratory. The development of prepro-
duction prototypes was started. ’
Avsation Medjcine - .

. FAA medical research activities during the re-
porting period focused on certain areas of high

‘w relevance to air safety—namely, occupant survival

<

. especially for- di

* in air transport accidents and aircrew medical char- ‘

acteristics affecting flight performance.

Among the more significant studies undertaken
in this area was an examination of the relative
toxic' hazards \of 75 aircraft-cabin materfals ivhen
these materials are slnbjectéd to fire. The materials

_included urethanes, polyvinyl chlorides, and var-
- fous natural products, including wool: The ﬁndingS‘

’_'of this study, when combined with pther available
information and applied to aircraft.manufacture,
will help to improve survivability in future aircraft
-accidents involving fire. ’ . v
' An investigation was also undertaken of gfe po-
tential problems related to the emergency evacua-
‘tion 'of handitapped passengers from aircraft.-The

- study included an analysis ‘of the movement of

. handicapped individuals within the cabin and the
results of evacuation tests- (using an .emergency
evacuation simulator), in which a portion of the

" test subjéctg either were handicapped or simiilated

_Haddicaps. Da}ta/'were generated, on_assistance re-
quired by handicapped passengers, effects on evac-
uation time .of a g'®p of such , passengers,

- .
» [

. In another vision study, it was found that pilots
dependent on visual cues alone during night opera-
tions may make approaches that -are too. low—a
tendency produced by visual illusions. An FAA re-
iport detailing these findings warns pilots that they
must-be aware of this tendency to approach run-

+ ways at excessively shallow angles under night con-
ditions. This information will be of importance *
* to pilot training and safety education programs.

In view of periodic questions that arise concern-

~ ing an FAA rule making mandatory, the retirement
of airline pilots at age 60, FAA's Office of Avidtion. - .
Medicine undertook an intensive review of .the -

scientific literature on the effects of aging. It was
concluded that there is no sound basis for ‘predict-

ing the extent to which the aging process willdde- ,
nce.  Until reliable criteria—v

grade pilot perfor
“based on a valid psychophysiological age index—are
established, the current medical data support the
continued use of age 60 as the age beyond.. which
pilots should discontinue serving as W]in{pilots;

.t Air Traffic Control and Air Navigation -

Microwave lqnd’iﬂg System (MLS)

v The present’ instryment landing system (ILS),%

cproduct of the 1940s, has a number of. disadvan-
tages: terrain, structures, and aircraft interfere. with
its signals; it can provide flight path ipformatign.
for only one approach path; its limited.number of
frequéncy. channels cannot meet future growth de-
mands. None of these drawbacks is.a feature of the

_ Microwave Landing System, a system under devel- ,’

opméni by FAN. since the early 1970s and now in”
its thifd phase—prototype developmerft and evalua-

including seating location, floor slope; - and . exite- ~tion. , .=

design. An FAA report. on these. findings included
suggestions by handicapped* subjests and a sum-
mary of recent accidents involving' evacuation of
‘haindicapped passengers. :
When airctpw members approach middle age,
correction for nedyvision often becomes necessary,
light' cbnditions, as found<n
night flying. The- traditional . correction has heen
for reading, particularly with regard t6 aeronautical
charts. ‘During flight acuk'i[iés,' however, . precise
vision at the intermediafe distance, w
strumenty are located, is dlso highly significant, so
.that many crewmembers require trifocal lenses—a

" relatively l;nusual- lens combination among the non-

Q

fiying public. For this reason a specta _study was

conducted of intermediate visual correcti

sonnel and others concerned with pilotvision
tors. , ) __— :
k ) :
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In mid-1976, FAA. took delivery.of twp prototype
Small Community. systems and two ‘prototype Basic
Systems. These prototypes are now undergoing test
and evaluation at the*National Aviation Facilities

Experimental Center and at Crow’s Landing, Cali-
fornia, by FAA, NASA, and the militdy services., °

Mecanwhile, the system developed by-FAA, the’

Time Reference Scanning Beam system, wag sub- - -
N mitted to the Internatidnal Civil Aviation Opgani-

zation (ICAO) as the U.S. candidate for interna-
_tional standardization. After\an assessment of .all
proposals bx ICAO’s All Wea';her Operations Panel,
the {U.S. system was selected and recommended to
the Air Navigation Commission. This recommenda-
tiofi has been placed on “the agenda for discussion
and possible sclection as an international standard
at a world-wide ICAO/Al" Weather Qp’cmtion

P

- meeting scheduled for April 1978. L

’ . . . - . .

o
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Flight Service Station Modernization

- The mission of FAA’s Flight Service ‘Stations '
. (FSS) is to promote safety in flight by (1) provid-
" ing preﬂtght and mﬂxght weather briefings; (2) ac-

cepting and processing both instrument flight rule

(IFR) and visual flight rule (VFR) ﬂtght plans;

(3) providing inflight ‘emergency 'assistance; ' (a)

' Jperformmg search and rescue operatxo@r and (5)

preparing and dlstrxbutmg notices to airmen

(NOTAMs).

Current FSS operatlons are hlghly labor-inten-
sive. The “flight service specmhst has: to search

" through voluminous papers 'to retrieve the neces:

" millidn operating expense for the system represents’
personnel staff costs, the demand for flight serv1ces ;

sary data for pilot briefings and flight plan han

,dlmg—a slow, error- -prone, and ex;knsxve process.

Aithough elghty pefcent of the® cirrent annual $150:

« 'A major step to reduce

is forecast to triple by the year 1995. If FAA met |
A;hts demiand by expanding the manual system, the g
annual operatlpg cost would approach £360 mil-

lion. Rejecting that alternative, FAA- has under-
taken to modernize the ﬂxghtkervlce station system.

The following modernization ‘efforts were com;

' pIeted during 1977: - ~

-

e A master plan, concen’tratmg on specxahst au-

tomation "and direct user access to the system

for weather briefing and flight plan filing, was
devised. "Rjje objective was to meet the present

" and- projéded Iongtterm demand for flight
services without a- proportianal incréase in staff
and commensurate operating costs.

e Extensive system <Corffuration analysis and
designfwork were perforthed and a procugg:

. ment specxﬁcmqu written for" acqulsxtli)nlx'tS
the automation‘system required by

. plan
e Field tefging and evaluation of the Avntlon
_~ Wea and NOTAM - System (AWANS), a

the m?;tel '

- prototype 'ultonntlon system orxgmally in-f

stalled in 1975 wére completed at Ath.nta
Geeorgia.

¢ Demorf¥tration of the oper: ational concept of

.-;4!:‘

co-locating a flight service station with an A .

Route Traffic Controk Center and of perform-’

. mg the funttions Qf several flight service facik
ities at a smgl.e‘ site was- compl'eted at Leesburg,
Virginia. .

‘e E*cpcnmcnts with Pllot Self Bncﬁng Ter nnnals
- - were conducted at 14 Jotations throughoyy
Umtcd States. 1nvolv1ng over 1450 pilots.

. .» completed a
demonstrate

e An experlm?al Voice Response System was .

in cnrlx "1978

[

1s expected-to be oper'mon'lllv

the

- grading t

: acqutsmon related activities_followed 1n 1977:

. collected by FAA and by S)!tcp'nm‘g 1ulcmak1

’

" e A mass W'dlhel dxssennndt 11 Lnglneenn&
model was assembled at NA EC for demon-
-stration in early 1978.

e A successful operational evaluation® of an im-
- proved method of pilot briefing by telephonpe,
without flight service specialist assistance, was

' completed at New York's La Guardia Alrport -

- The method permits segment updatmg of data

"~ and -eliminates the common rotary message.
and the partlclpatxon of the flight service spe-
cialist.

Central Flow C ontrol

‘inflight time” and con-
serve fuel has been taken by the FAA through tp- .
automation +capability of -thé Central
Flow Contro ility in the Air Trafic Control
System Comman nter. Established within FAA
headqtlx/'arters in"1970, the Control Center exerciscs
control and coordination of air traﬂic ﬂow ‘in the
National Airspace System. :
. After program approyal early in 1976, a series of

e A contract was dwwrdcd for computcr software f
\ development. . <
{ o The installation of a ‘dedicated computér sys-
‘tem in the flow control area of the Jacksonville
Air Route Traffie Control Center. Computer
- ' checkout was completed in latg summer.
* o The start of system integration, leading {o an
. 1n1txal system test by the end of calendar vear
V1977, , ‘
\\ o : : e
Y7 OST Research Swpport R
I addition to the R&D efforts undertaken by *
FAA, the Office of the Secretary of Transportatlon
(OST) pursues fesearch and- analysis in areas af;
fecting the nattons air transportatlon system. The™
prmcxpal OST aetonautical research activities dur-
igg 1977 involved nofse abatement, '1dyanced tele-
commumcahons systems advancedaviation® trans- \
portatlon concepts, and fumdamental “stadies in
interm@dhl relations and -demand forecastinig. The -’
prime objecsve of this work is to augment FAA
efforts and eqsure that the dcp.ntmcnt fulfills its
1csponstb111ty in providing ttmely national leader-
ship in the evoluuon of, thc mt;pn s-aviation trans- -
portation systgm‘ Q(
During 1977, OST comp)fnented FAA s environ
mental efforts by rcvxewx% Concorde mnoisc dati

~

gukclichnes hat led to, the SCcretary's dccm%n in
Sep ember 1977, to open upon a trial basis specified ~

u. S 1rp01 ts_ to rhc C}\KSI Concpldc fleet. In an-
. ot ’lC[lOl] ll] he n.onsc ab! tcment ;ue;l the Of; -.°>
= - - Ld ._ ) !
5 i y
/ i 75/\
¢ Oy ® . m .

11
i
~y



~

fice assisted FAA in implententing” its December
1976 noise rules on cngin_c'ﬂrc[roxat by providing
support during the negotiations.that produced leg:
islative proposals on such key issues~us. planning

- and financing of required airport noise abatement
A

programs,

Telecommusications play an increasingly impor-

tant role”in modern transportation by providing

/

%
,a'

o
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more€ efficient and safer operation. Because of the
pervasive nature of telgcommunication, cooperative
arfangements and close liaison with other agencigs”
are a_major, concern; OST serves as a focal point
for DOT" coordination. This'wzl_s
by the exténsive efforts i 1977 in the revision of
DOT's Ngtional Plan for Navigation, which lays -

the groupdwork forr U-S.. policy on navigational
systems, including airspace coverage. ..
Innovative airport . networks. advanced system :

-

. v

~

clearly evidenced

' i ‘ ' t )

concép[s, and actual airéraft ;c&:hnblog’ics are often
identified. and studied by Office special task forces
groups. - Many advanced concepts in ‘civil “aero-
nautics systems' were evaluated during 1977 ace its
Transporgation  Systems Center. In. additign to
work on new system.coricepts, OST: personne par-
ticipated in hearings and- multigovernmental/study
groups on topics such as advanced V/STOI. /evalua-

" tion, -

ST often:functions as the focal point for trans.

- portation intermodal studies and analyses. In 1977.

continuing studies analyzing aviation's_ evolving
role in the nation's transportation system were
conducted gnd long-range forecasts made in an at-
tempt to jdentify transportation tiends and deter-

.mine how aviation systems will affect angl be
'Mfgcied by future technica] developments and serv-
# “ice, demands. ) "l
s B '

’
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e T _APPENDIX A-1. L. i
4 - N . . .~ T . ..
s VA US Spacecraft Recor(f _ QV\
» -' - - /‘\\.\ . . E- , i
Year . Ea»wlh orb}ﬁ. ‘fz&c[h cqcapc Y . ' year ~ Earth orbit - Earth cscape 3
B Success }yjt/ Succcss Failurce . T Buccess - Failuré, Success Failure
- = - =g - - ~— . = - g
. 1957 ...l o, 0 0 78 4 10 0.
¢ 1988 . v 5N ‘0 4 , 61 15 - 3 0
e -aggg ...... U e g 1. 9 > 58 8 o
1960 ......... RTINS e - 12 1 e 36 SN BT |
1961 ...t 35 12 o 2 45 2 g * ]
1962 .......... vl .55 12 1 T 33. 2 .8 0
1963 ... SUSERU 62 11 0 0. 23 2 -3 0
1964 -~ 69 8 . .4 .9 27.. = 2 o, 0
1965 .........c..... T - AT SR 30~ 4 “ 4" 0
1966 .................. 94 12 -7 halLl I 33 -0 1. 0
i LA 27 2 2 0
L N S R S 889 ~ 137 72 15
4‘ T)us Earth escapc f; lurc dr!h:ill:lln Earth orbu m(l __"4 This tabulation mcludcstspacccrafl from\,qoopcmung/coun.-

. lnu'wluch were-lannched by US. launch vchicles. o
“Escape” flights includd all that were mundcd to'go to at
least an .|lnlu(h equal to lunay (lmancc fmm Earth.

thgrefore 1s mcludcd in the Earth orbit success totals. :
" Nores: The criterion of success or failure used*is. the at-»
tainment of Earth orbit or Earth escape mlhu lhan a Judz

ment of mission success, . N ~ . * . T g‘
. . o N . i A . . . . .
) . . ~’ . . -W_, s. - P . . . . . . . ‘
' J~\ ' - APPENDIX A-2 " : -
. ‘<@
. World Record of Space Launchmgs Successful in Attalnlng Earth Orblt ,or Beyond N
T T X .f‘ * l a L a.'.
- - - . e - : * People’s - - r e :
. . Umlcd N . i . pe: . s 2Un
\ca_r . States . US.S.R. France Ttaly Japan }lfc%l;ipljo Australia T(in%
T, <, ) o ina N -
s . — ‘\_ -+
. v Includm forclgn ]aunchmgi of US. s acccrafl , spatceraftt Somc launches (hd succcssfullv orbl‘t mlxluplc ‘
‘\ . Norte: This mbulanon cnumcralcs lalrpchmgs ralhcr than qucccn.m R . AN i . .
’ : ' : '? : o - ot - R
. ‘ B L ' ) ) \ 4 "¢ - , x«_ . o E N .
R . , . ‘- £ s ) B
. RS - . - L . : ¥ T -
. ‘?- . \’__‘_) L 8 7 , 6. v < & . . .
, - v R 2 & AR N o ¢
&) .
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T, ¢ - L , LA p . N . .
Lok . ..  Successfdl U.S. Launches=1977 . e
S, w3, .-
: i .. : \ NG . $$ R
. [ - . Apogee and . e . ' .
3 o’ : . perigee »" . o
Launch date (G.m.t.) \ - - (Kilometers) . )
. oSpacecraft name »e Spacecraft 'data - ) " Period: Remarks
. Cospar dqsngn?lgqp P2 7 Inclination to
3 Launch vehicle : -y - : ,
, ' . ~ o AT equator N ) ,
. o e : (dcgrccs)_ . ] - .
. Jan. 28 N ", Objective: To Jaunch sp!rqccrafl into synchronous 35,962 Sctond of ‘three planned NATO .
. NATO LIl B orbit over equator ‘for usé by ISA'P,O. <N 35463 communication satelldtes
7" 5A . Spacccraft: Drum.shap®! 2.2.m in Jdiameter, 2.98.m - 1432.3 launched by NASA for NATO.
. » Delta . \’ ‘v long, -with overall length of 3.1“m includiagf an- 28 Apogee boost motor fired Jan. 30
‘ < ¢ "tennas. Weight “at launch:’ 670 kg. Weight after u -and satellite stationed at '15° west
. , ~ apogee motor fire: 310 kg. e o “longirude above rHe cquater.
. e e Lo s S L '
Feb. 6 ) . Objective: DC\-éloprﬂchlfo spac,cﬂ,xlglil" tethniques - 35,755 Still in orhif..
Defensc . and technology. i , N 35,532 .o toe :
L TA . Spacecraft: Not announceéd. - ’ : .+ 1436:0 ! ,
Titan HIC , A . - . ¥ Ll Y
Mar. 19 ~“Objective: Tp _";lau‘nc‘h'_.‘salgllilc into sy'nchmn_ous' 36250 - lLaunchied for ‘Indonesia’s- satellite  # .
Palapa 2 transfer orbit. Sagellite fo, provide < transmission . 35915, *  (ommunication” system: ~ Success- *
. I8A of television, voice, “angl other "dati “throughout T451.2 . fully placed into 'transfer orbit.
Delta. - - 5 Indonesia. . : e . " . o, ol - Apogee boost motor fired Mar. 12, .
’ " Spacecrafts Cvlindrical 1.8-m in diamcter and 3.3-m ™ and .spacecraft placed in station-
- . high; spin stabilized; Earth oriented antenna - 7 »° ary equatorial “synchronous - orbit
N - assembly affiX¢d on lo‘;p of spacecraft. Provides 12 © -7 at 77° cast longitude, just south .
.- ° _ . RF channels, two o .-which will be protected of . Jndia. Hecamé 'pgmliohnl R .
vl ‘channcl_s for the 10 tvaffic carrying chaunels:” ) Apr. 15, N iy -.’, e
- . 23,000 solar cells’ mounted oi spacccraft exterio. 5 ‘ w T -
o . Weight ® lhunch: 574 ¥g. Weight after apogee L . e 7~
i e mol&,ﬁrc:ﬁSl kg. o - e, o T E ﬂ,\ :
. N - . ) P ‘ot . . S .
Mar. - ‘Objective: Development of spaceflight- etechhiques S22 7Y Decivid from orbil Mav 26, 1977. —
- Defehse - and technology. L L . 141 N T . .
194 . Spacccraft: >Not announced = <+ .7 ¥ .89 w0 . <. :
Titdn IIIB" Yy T ; : 9%6.4 7 - ;
. & ¢ o .- .- N - .
o Apr. 20 . /‘()bjccgj\'c.{-T() launch satellite iuto’. synchronpus ™ 11710 Launched hy*NASA for the Euros
. Geos R e transfer orbitz Spacceraft ©° provid¢: data on © 241 ‘pean *Space - Agency. A malfunc- L
294 . magheticvand eclectfic ficlds 36,000 k above “Earth. , €78 » tion of_the booster placed pice- - .
‘  Delts . Spacecraft: Cyljndric\l shape, 132-cm; long anil” 26.0 . ‘craft] in ungatisfactory . trafgfers e
. s "q 162-cm in (liam'clcr:x eight boomg extend from Final: orbit, from which geostationary. .
o , 7 spacecraft—four radial* and foul ,axilgwith 38.270 position” could not be attained. o
’ " length “between 1:5:and 20 m;-carries seven pri- 2106 - *Apogcee bagst motor fired Apr:27,” -
mary experiments. Wc}'ghl at tapnch: 574 kg. - 718.2 ¥ placing satcllite in the, mose. de- '
~ . L. 2 ] 26.4" sirable orbit. All experiments an:
) a0 e returhing usefid data., Based - on :
e T .2 L, - NASA: criteria, mission adjydged * oy,
= ¢ . . sl \ - Yoy unsiceessful. . s, ,’ .
o 4 5 : ’ b ot e : R
May 12 - - Objective: " Communications. .. - » ° © o, 35762 - Still in orbit., v o . . : d
L &SC,S 11-7 Spacecrift: Not announced. . . 85438 e 4 A
ool BAT e e N S 1] , 3
: “Titan IIIC - ‘ LN s . v ; v 2.4 » LT . . - ,
May 12 ' Objective:, Communications. - "o, . ‘- 35792 .10 SGll in orbit. - R
DSCS 11-8 * Spagecraty: Not annoynced. + PRI . 35,181 v o d - NS
. B o N F, S 14361 L - s "
© “Titan R o, ) o . , . . .24 0 T U .
) .M.ay..23" a Ol)}pclivé: ’ quclopn;cn.l') of -spac§:ﬂig"hl 1_&chniqilks_ v' . 35,855 Still'in ofbit. e R T .
Defense L L and technology. . . L e o ’ - 36679 » ’ . \# P :
38A° ' . .Spacccraft; Nbot an{%mcc'd. D SR VLU A o s
Atlas-Agena ‘D o e . iR " B . 02 o - . . ?' o
. e i, L - 1(,}’ oo R - h P . R
a0 e . .y s $“. f, S k] ’ » v
. . . . " . ) .
R ~ ‘¢ -{ .A‘ o )/ _-.@y . .. .@ ; X - . -
Y . Woroa . R N v - ) « R )\ ) ) v " , o
Al — ’, T e N . v .. ceas '.‘,v v wh\ . . - . .
:.r . '._ . N . L . . ~ v
.- . . . . * N
' LT : ' L, ; e 5. : " , '.»-,/
. v ~ SRR - P T
. R a N s \ ; v Y o . .
K e - . . - . - . . e ) . -
,76.} oo . . . . N O T " . AR
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, . TN APPENDIX A-3—Continued - _ . S S L
P a e . Successful U.S. Lauriches—1977- . . %‘ :
. , o ' . ‘ .
/ . ) LT Apogee and .
- Launch date (G.m.ty , * : _ ‘ _ . - k.*l)c"gl“' . . :
Spacecraft name _ Spacecraft dat: g : , ( 'li’m.f)srs) . Remark
Cospar designation . ‘P“Fec_ alt data g Inéli crit t . emar Vs
i Launch vehicle . ) g . . ',‘ccl(l]l:::a: @ . " .
. . ot I : {degtees) . - o
May 26 ) -Objective: To _lwuc_h satellite into-‘transfer orbit. - 85,7155 Third in a serics of impraved In-
, Intelsat 1V-A F-4". Satellite o proVide 6250 ‘two-way voice circuits - . 35346 . telsat’ IV-A spacecraft with al:
41A "+, plus.two television channels simultancously or a - 14250 | most o thiyds greater commu-
) Atlas-Centaur . combination of telephone, TV, and other forms 0.3 .nications capacity than Intelsat
o of communications traffic. . . © "IV, Launched. hy NASA  for
‘Spacecraft:  Cylindrical shaped satellite, overall . ComSat Corp., manager of Intel-
- ’ _ height of 6.99-m and '2.38.m jn digmeter. Con- N sat.'Apogee kick motor fired May
= . osists of two main .elements; rotating cylinder” « . © 27-and satellite placed on 'station
» N B . covered: with solar cells contains power subsystem;. . . w7 at 34.5° west longitude_over At
. - . positioning and orientation  subsystem; despuh ¢« lantic Oceanl. To serve as backu
. " * Earth-oriented platform atop rotating cylinder . ) . for Tutelsat IV-A F-I launched

o - ® contains 20 communications repeaters (transpond- BN Sept. 25, 1975, and.F-2 launthed -

. : ders), new antenna’ reflectors, and telemetry and C Jan. 28, 1976. e S

e command subsystems.” Antenna reflectors are sup- - e -

. . - ported by a single tubular mast, 134.6-cm trans- e . ";‘, > e v
L N qnit ‘and, 88.9:cm receive uasi-square reflectors ” . T ST <
ot : are, constructed of a mcl‘aﬂic mesh on-an open~ L T
» . . . web frame. Feed horn ‘arrays and global horns . o . ey
?® o : . . are_cantilevered from the basc of tho.mast. Te- . CE }\\4 .

Y “lemetry and command bmnidirectional = bicone A : . '
Loy _antenna is mounted onthe mast tip. . Weight at  *. =~ - S
- © 7 uliftoff: 1515 kg, Weight after apogee motor fire: I o ‘
. . '(825.5 kg. : e LI : _ .
S . - “ - . . ‘ L T~ 4 -
i June 5 Objectige: To support the Defense Meteorological 864 “Still in prbit. -
T AMS 2 . Satellite, Program. ) S8 817 e ) . ‘
. T44A ! Spacecraft; Similar’ to thé NASA Tiros-N (to - be , 101.7 ° . ) . :
O/ “Thor-Burner-2 . launchied in [978) & : o 992 - e )
N - : N . . : \ .
June 16 . Objective: To- launch spacectaft _into a synchro- 36,304 . Steond operational "spacecraft ‘of a =
Goes 2 * .- .+ nous orbit of sufficient accuracy’ to enable i§ to. - 85,267 series of . Geostationary Gpera- ¢
(48A - .~ provide the eapability for continuays dbsgerva. 1436.0 “ ° tional Environmental Satellites; *.
Delta . ’ | tions of the atmosphere on an opcra&mal basis. ) 09 launched by NASA for NOAA.
) e - Spacecrafe: Cylindrical 190.5-cm in*dizmeter and . . Spacecraft placed in -successful
I - 344-cm fonpfrom.-éhe top of the m&fnetometer - . . *  iransfer orbit, and apogee 'boost
Syl T, . to the bpttom bf%e_.apogcc boost n_mlol:: Apogec’ oo motor fired June 16 and satellite - .
et »  boost motor is«cjected after synchronqusorbit is : . placed in synchronous orbit at .
A . reachied. Thrust tube locatedin centdr 6f satcl- e “75°.west Jongitude replacing. Goes “
R Y (17- .suppgrts radioméltr/‘telescopci nstrumént. - 1. Satellite turned over, to NOAA S N
L 4 - Scanning mirrors look out through amwppening ‘in * . . forroperational use on July 29, ¥
/,' RY C - " cylindricai solar array-whose panels‘cover’space- e T Gags 2 will Erbvide overage of .
T . . craft exterior walls. Instruments include a visible: - most of North and Sauth~-Ameri-
T ot v and infrared spin- scan' radiometer (VISSR) 1o - L ca and the Atlantic Ocean. Goes g
. o . - . Jprovide day/night elond cover data, a meteorolog- .. ~ 2 . 7 1 moved to 105° west longitude v
: Tm. * . = 1cal data“collection and. transmission system, and =\ * Te as;a backup spacccraft. ]
. P a space environmental monitor (SEM) system. tp -, : ’-f" '
e T " measurc the “magnitude and direction, of “the ) T -1 T, .
, N - magnetic_field, the intensity of solar x-ray radia” - , - ' s e
Sy e ‘ tion, and energy level and quantity ef energetic- R R I '
R v . -+ wg Pparticles..Spin ‘stabilized. Weight at launch: 635 L R .
T "2 T ke, Weight in orbit: 208 kg, R ot '
.. . . , . . o : ; S T .
: + Junt 23 k - Objective: To test techmology for the, Global Po';}-f\'.,. ..'20,187 Stll.in orbit, ¥:- ot .
' - NTS 2 , gionfng» System (Navstary. =~ . : L 19,545 v T ' e
. 53A. .y . Spacgeraft: Carrics. cesium, clocks for precise time- _ 7052 . e B
CAtlas .F’ «~Standard tcsting’ and ag_:))ar artay to test 14 Navy A - 6837 v N .
L N * - experiments on ‘sglar cells.” - ' . I A o o
. - A : - i T taw . ot . - N
v, June 27 .. o Objective: Devclopment of spaceflight techniques » .~ -2%57 .- Decayed from” orbit Dec: 28, 1977, -
- lk?sc ‘% . -and_technology. = ~ S " | T . .- . U
. . <. . [ Spacetraft: Not announced.~ PR PR 88.3 . . . )

) Titan HID Ce Y o o : - 97.0, T S

- s T LA . A . . K ,

e, ’ : o e e o : B . .
. . . . . . @ . . o ’ % . y
o , L. I ?i.' . - RUEEE . h ) -

co ; ’. ' L0 ' : .. ° ‘ : : . .

o . ' L A %.'.‘.' . . Yar . .77 :

Co ey i S el ! 1 K R o e

L P 4‘ . T .‘ . ; ‘E,' L f . P '
j - o . . . - | .

' . . ‘4 LTy . h ' e o - [

. [ c ~ J % T » ’ “
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" APPENDIX A-3

i La’lsmc'h dal; (6&.m.t) ‘ T . ‘
acecraft ‘namec. C el : N
Co's)par dcsig‘lr:alion Spacecraft data " : Remarks :
~ Launch vehicle - : { -
. ' « T ,_/'/ ‘ - - ".
.':v‘g . - - L "' » .
. July ¥ . Objective: To launch satellite into a synchronous " Launched - by NASA, for the Na-
-GMS (Himawari) transfer orbit accurate enough to allow the space- | tional Space Development Agency
65A craft to enter a stationagy synchronous orbit; day/ bf Japan (NASDA) as part of ¢
Delta .- night getcorological observations on nearly con- “« World Weather Watch prograni.
2 ’ . - tinuous basis, collection and tranusmission of data. Apogee boostingdbr fired_Lyly. 15
. monitor solar activitics, and improve Japanese - ands satellite wgf' placed Y syn-
- ds well as international metcorological services. chronous orbitfit 140° cast long-
Spacecraft: Cylindrical $.1-m long and 2.1-m-in- itude above.ec ator due south of
S diameter. Solar panels on satellite outer surfice, Tokyo. )
- Visible and infrayed spin  scan - *radiometer - -
e : (VISSR) instrument provides images of clouds. v . / y
: ' ‘and Eardh's swrface, and megsures temperatyre - : !
v ” . i .of both surfacd and cloud tops; collection and ., _ - S,
- transmission "system; measttrement of solal pro- A . : . :
. tons. alpha partigjey, and; electronig Spin stabi-. -7 . ) )
. - lized. Weight at launch: 670 kg. Weight in orbit; - Q P - . . .
- 280 kg ‘ . e ‘*% : .
. . : L - . [ L - -
Aug. 127" Objettive: To obnain higﬂrcs{olulion, experimental . 455 .7 First in a serics of three NASA
HEAO 1| ! data orr *astrophysical phenomena . by surveying 135 High Enecrgy Astronomical Ob.-
75A . the x-ray and gamma riy sky over the range from 3 93.5 - servatovies. Launched successfully
Atlas~Centaur 150" electron volts to 10 miflion eclectran volts, 22.8 into orbit, all experiments opera-
.o measure size and “location of X-ray souvces in the tional ‘and ,returning excellent
+1ange of 1 thousand to:15 thaudind clectron volts, . data. Largest Earth-oriented un-
. & . determinesthe contributhan $ o +- discrete “sodrees ) manned scientific * satellite  evér
. i - to the x-ray background; and determine temporal launched. Observatory configura-
! e behavior -of x-ray sources; \go dcmonslmlé,spacci ' tion based ‘oh ' modular concept, .
. T craft capability of supporting the onboard experi- S maximizing commonality among
. . . ments for sixamosths. ) - N the three planned’ missions. Dur-
- Spacecmf[:‘Dﬁh‘g‘ﬂlar'hcxdgon 4.1m long and 2.4-m, £ - . ing first 100 days of operation 1
- L in diame¥, -, Satellito equipment module (SEM) L reviously unknown X-I2y SOUrces
. & . ‘cohtains AL % ndional subsystems necessary -to ocated: First six ‘montlis to be
-, JLperate angggoritjol the observatory and. experi- iy spert mapping the sky.
3 L ments. Solar eclls mounted. gn’. exyctior pancls. T ..
. ! Experiment module, (EM) cqift four scientific - - "
. P . - instruments, the large x-ray s ». COSmic X-ray, N P
- ° . xanningvquulali-o’n colly or, and “hard X-ray p - '
o : and lot gimma fay.’ Six-sided configuration pro- .
T wdes maxin%' experiment aperture arca: while %
» ST inimizing crall observatory length. Weight: - L ] -
T e 2560_kg._§ncludjng';l220 k& qf cxperiments. :
.4 - L . . - . T .
Aug. 20 AT Objectivé: To investigate the Jupiter an(l-"Salu_r_n' Trans- = Ffist, in twin Voyager serics, follow.
Voyager 2 S planctary systems and the Mterplanetary medium. Jupiter - ing July 1979 Jupiter flyby, space.
Lt TBA L . 5o -, Seientific objectives: " To ¢onduct ‘comparative trajectory; craft’ will use gravitational . assist®
A Titan ITI1E-Centaur studies- of -the, Jupiter®and Satura systems. ‘in- - later may" of ‘planct to. change course 4o
T AT o T cluding & dnvirorment, atmospheré, surface - rendezvops "Saturn for projected 1981 rgnder-
c e © v _and body charpgteristig, of the planets; one ar  with Uranus » vous. Spacecraflt *may fly by Ura-
. & . more of theig -!ilcs';%ul the nature of Saturn’s  and oscape; nus in 1986. Voyager funstioning’
. TR rings. - ) 7 . from the solar' normally and all, ihstri¥ments are :
® i Spacecraft: Co b of 2 mision modulg and a .system ‘operational. ‘By . Jan. 1, 1978, o .-
. propulsion i which is .ejected aftér boost- _— spacecraft was 162 millién k from-
Ing mission modulc'inlo']tipilci' tradsfer trajec- Y e Earth. Named Voyager 2 though,
.o . tory. Mission ‘mogdifle a 10:sided “framework with v . laiincHed . first because it will be- v
" R B clectronics. packaging compartments | 47-cm " ‘ overtaken by  Voyager | .beforg
. v \ ‘ .7 .. higlv and’ 1.78.th across” from flat t6 fat; . F06-m : - ©they reach Jupiter, C . .
- : +., diameter high-gain p_aralpplic antami supported - . Mo N .
. by tubular Axusswork; - three-radioisotope thermo; o ) - .
T " electric- generators '(RTG) i tandem on deploy- Vo s * s !
K ’ able boom; twin 10-m whip aptennas: four - = ) "@'- - . &
a - S ‘-'mag'n'e;omclcrs mounted -on_ 3m dcpl’bydblc’ R - vy , .
*t o0« - bogin. Weight at launchr 2080 ‘kg: Weight “after; - . " : L
v s " .- < prophlsion module separatipn: 8?2 kg. Weight - S . o )
S : 3t emd of mission: 722 kg T F A BN »
78 ag & ’ . g e <
S, e o, g R ; , Co
NS ey . gl o - . T
. ‘. ”\. .. . . . B . L ..\V b ' . v o : -3 Ny .% . .
e . IR .
. - . LS L & s a T e
} Y b
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B cluding the environment, atmosphere, surface
and body characteristics of _the planets; onc or

S more of their satellites; and the nature of Saturn's
rings. . - :

Spacccraft:* Consists of a mission module and a
propulsion module which is-cjected afiet~ggost-
ing mission module into Jupiter transfer trajec-
tory. Mission ‘module a 10-sided framework with

, 10 elegtronics  packaging compartments, 47.gm

L. . .- high and 1.78-m across from fat to fAat; 3.66-m

. _ diameter high&'n parabolic autenna supported
by mbular trusswork: three -radioisotope ‘thermo:
clectric. generators (RTG). in gandem dn deploy-
able boomn: twin 10-m whip anteunas; four mag-

. netometers motinted on a 13-m deployable boom.
~Weight at launch: 2080 kg. Weight nftcr‘propul-
sion* module separation:

.7 Saturn may

. solar. system

¢ v . hed - . - o
N . ‘ . %, i . . . . . /
, ) . Arreyptx A-3=Continued - , R ’
Successful U.S. Launches—1977 : . .
. "~ Apogee and’ oy .
Launch date (G.m.t) . } perigee . ! L
. (kitlometers) . .
Spacecraft name Spacecraft dat: Period | Remarks
Cospar ‘designation Ppacecralt datn . Inucli c’np(; cmark:
Launch vehicle . Lo . . nchnaty 1? to N B
. . : cquator
i R . (degreces), .

. Aug. 25 Objective: To launch spacecraft into synchronous 36,327 Launched by NASA for thé Consig-
Sirio transfer orbit. Satellite to conduct various com- 314,210 lio.” Nazionale dclle Ricerche—
80A nmunications experiments. . . 11097 National ,Research Council of
Delta Spacceeraft: - Cylindrical 1.438-m in diameter and 02 . Italy . (CNR)—into .- successful

) 0.954-bn i height, 20-m in length with apogee = transfer  orbit.  Apogee . boost

s o boost motor nozzle and Super-High Frequency motor fired: Aug. 27 and spacc-.

. (SHF) antenna. Despun telecommuuication an- craft placed in stationary orbit

tenna, pointed to Earth, made of aluminum- ~over the South Atlantic at 15°

. S honeycomb and polyester fiberglass. Satellite spin west longitude above the equator.

. ) stabilized. Weight at launch: 398 kg, including Satellite turned over to Italy Sept.

‘ the 200-kg apogee hoost motor, ‘ . 24. ‘Spacecraft operating satisfac- :
. . : 3 ) “torily.

Sept. 5 Objective: To investigate the Jupiter and. Saturn Trans- Second in dnal Voyager series. Fol-

Voyager 1 planctary systems_and the inlcrpruncmry medium. Jupiter lowing a Mar. 1979 fAyby of jJu:
84A . . Scientific  objectives: To  conduct comparative  trajectory; piter, spacecraft will alter course -

Titan IIIE-Centaur studies of the Jupiter and. Saturn systems, in-  after passing

for a Nov. 1980 rendezvous with
Saturn. Voyager 1, on a faster
trajectory, passed its sister space:
craft on Dec. 15. By Jan. 1, 1978,
spacceraft was 164 million k from
" Earth.  Interplanetary  explorer
functioning normally and all in-
struments are operationakand re. -
turning uscful data.

pass beygnd

.

B “

S .
< -

. : 822 ,kg. Weight at end
\ ' of missiin: 722 kg. - L L .
. . N . N t . . . . N .
Sep. 23 (-)bjccli\'é:_.l)c'\'cl_('}pmcul of spaccflight techniqffes - 335 ., Decayed from orbit Dec. 8, 1977. -
Defense ©aud technology. ™ - R ’ - 134 > : K .
A ¢ » Spacecraft: Not gf@ouncgd. - R 801 o -
Titan II1B no ) . (AP ‘e . . 96.5. e
- . v L Ce . s \ . ¥ . K :
. oyt . . . . - . I - . .
Oct. 22 * - Objective: "To measure the structure of the mag: “138,124 - Launched successfully . as. part of - -
" ISER 1 netosphere boundaries and their Auctuatidns from © 280 twin payjoad to make scientific, ...}
L1024 . , space and to obtain sample near-Earth measure. 3146.8 measnreniaiits from two points in, ﬂ
Delta : Yoo ments of the solar wind, .. T 28.7 space.  Sgparation of  spacecraft = i .-
v © 7 % Spacccraft:’ 16-3ided cylinder 173-cm across flats by ) successfilly accomplished. All ex- :
R 4 s 161-cm high: main body of onc aluminum honey- -. periments, except onc U.S. instrn-
S © .0 % - combicquipment shelf supported by jgght struts ) 0T ment, twrned on and réturning
R . - op a 8%fcm-long thrast “tube;” onc‘%t array g, o 'y data, * o S,
PR PN Jocated forward of cqnipment section ant® sécorid - . ‘ . .
. o gpproximately 25-cm below the shelf: 13 scientific -
s R austrnnents on. board, Spin stahilized. Weight at ! A L] -
. . . ‘launch: 32895 kg, including 93.50 kg of scientific . . o
L instrumentation.® - . » . ‘ ‘ .
o - Cen e ’ : ‘ LA ! :
. o N AT ’ S I |
RS ) \ ] ' '
a e ¢ 5w
" iy . , B R - -
. o Te . ¢ . » . -~ .
# : VU e, , 5 8.
B Lo ."‘ o ® ‘. ~ o, o { . v . B B .
4 . B a s R . N
’ ‘ . - : . . . - - . .
. - K Yy ° B . s 3 L A .
- Lo . . t N ..
T : . ' . c 79
L. . . e . . T , .
. ‘ * ) [ 80 Lo - e ' - -
. v H- v l e 2 c. . ‘ S . .
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o AppENDIX A”3~Continuctl
. v . .
. Y - - -
' Successfyl U.S. Launches—1977
- ot ¥ R . Apogee and )
2 . . 1 . -t e . -
* .Launth.date (G.m.Ly #j . r pengec
Spacecraft na i . : (kilometers) : a
pa . hame R Spacecraft data - Period Remarks
Cospax designation . p * . . Inclination
Launch® vehicle - M nclination' to
equator X
. § : - (degrees) | <@ .
Oct, 22 Objective: To measure the structuré of the mig- 138,330 Built for the European Spa;e
ISEE 2 netosphere boundaries and their fluctuations from . 279 Agency by the STAR cgnsortium,
102B space and to obtain sample ncar-Earth measure- 3453.8 launched by NASA as a second- ',
Delta ments of the solar wind. : . . 287 ary © payload. Scientific instru-
Spacecraft: Cylindrical 1.14-m high with a diameter ments retwrning valuable data.
. pf 1.27-m; single equipment . platform with. solar . (
ar@y covering spacccraft exterior, except at bot. - y el
m$ where scicnriﬁc instrument parts nr‘:d protru- . / > v
sions are located; S-band antenna on spagecraft ) )
top,. supported by “three struts; -thrcc‘. hiuged , > = N
] . ~booms, cach about 2.25-m long, a pair of radially ) . :
R extending wire booms each 15-m long which serve Lo 4
. . as antennas for onboard experiments and a de- - . - ;
- ployable experiment antenna parallel vo the space: ¥ ”’
. craft spin axis: Eight scientific instruments. Spin - . ¥
. stabilized. Weight: 15772 kg. - . . .
- . —~ . ~ e . . o -
Oct. 28 . Objective: To place satellite into afibrbit which 1106 Launched by NASA for the Navy.
Transit will enable the*Navy to provide worldwide, two. 1067. =~ The Navy Navigation Satellite
. 106A dimensional system for pogition® fixing .t6 an ac- “107.0 System, referred: to as» Transit, {
. Scout curacy of better than .5 k. L. A 89.9 provides an opportunity for -the =
. . Spacecraft:s Eight-sjded cylinder with four #eploy- user fo take a position fix eveyy
‘ . able solar pape two  specially -instrimented two hours or less, depending .
- transponders or radio refays called n':mslnqﬁ"s. upog the latitude. The ‘satellite ‘
- Weight: 9 . Pl - * will be used.to te Triden
' sow vl Mjssile  Tracking System (SA” ,°*
- - b . - TRACK) and to check.But afdd :
- < e " calibrate range safety. ground: - -
3 . - . stations and equipment. Spacé- - 4
» o . ° . craft placed in desired orbit and -
. . . returning data. * : .
. Y . - N . . Y
"~ Nov. 23 Objective: - To launch satellite into synchronous 35,692 Launched into successful transfer -
Meteosat 1 , transfer orbit of sufficient accuracy to allow the 34913 orbit by NASA for F.SA.-Apquc
"108A spacecraft ‘to “achieve a stationary synchronous 141157 - motor fired Nov. 23 and spacé- .
Delta orbit. European contribution to the World Mete- 0.7 * - craft plaged in gCostationary orbit
’ orological Organization's World Weather Watch , “above th¢ Gulf of Guinea at 0°
program. ' o . > longitude, Satel}ite served as part .
Spacecraft: Cylindrical 2.1m in diameter and 4.3 . of ESA's “contribution to, thér "
m high: payload consists of telescope radiometer ‘Global  Atmospheric - Research ’
for observation of the Earth' apd cloud* masses. Program (GARP). Experiments -~ ¢
i and a system for data relay and transmission .of - to become fully operational May -~ . o
8 the meteorological information. Spin stabilized. 1 1978, -0 o - .
r ' Weight at launch: 697 kg. Weight ,after apogee - : .
.o * . motor fire: 345 kg. ' ) ’ L
_‘Dec.-8 Objective: Development of spaceflight lccﬁniquc;\/ 1189~ Still in orbit. . .
Defense™ and technology. . A lﬁ \ﬂ‘ -
112A . Spacecraft: Not announced. 1075 - ) - '
.. Atlas- F KR 4 N , ; . 634 L3
) . R4 . “ . -
Dec. 8 £ . - Objective: “Development of spateflight techniques 1169 Still in orbit, "'« o w7
\ Defensé and ;ccbnolo%l N T ,-l1o54 . N = e
. 112D Spa&crafl: No(S®fnounced. . 107.5 - ¥ _ B B
' Atlas F o : . , 63.4 e e - i a .
. ¢ o= 4 : . ot
ece8 Objective:  Development of spaceflight téchniqués 1168 -Seill in orbit, S e
“Defénse and- technology. .. S : 1055 . - ~ U
- H2E - " Spacgcraft: Not announced: ; 1075 |\ Ak Y A
AtlassF ;. w : : o 634 - K N
k) - - . B . T . o . ’ . . \"'.' . S ._'..-‘.v L. %
‘' . Dec. 1l - . Objective:  Development of . spaceflight techniques “ 35,855 Stitltin orbft. T e : A
Defense . and technology. « ‘ * 35.679 e S e ® /‘ o
- 114A w Spacecraft: *Not announced. . 14351 . Ty %
- Atlas-Agena B - .. - e : ; ¢ 0.2 1 Tr e
. ' .—"’. . H s e "J‘ - : ;3 X ;- * E ’ . te 3 L
o 7, O & . - "
- K - ) é- ‘ v &< ' ': o
“ v » X . . N - %A
_ N ) ) . o R . . (" “m ’ Lol
O
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. R APPENDIX A-3~Continuced-
' «- - Successful ‘U.S. ‘Launches—1977 '
v o : . - 7 rd
) : ; 7 . : . Apogee and .
- ¥ . : izee: .
Launch date (G.m.t.) ; ] _ k‘[i)cngu:
Spacecraft name- : I - (kilometers) ' -
. . * Spacecraft data Period _ . Remarks
C@r designation . - ‘ Inclinati
. Launch vehicle PR ) W nciination to . ,
CER . - ) equator . w - :
J = . : i o (degrees) - ¥ ’ A .
* Dec.’ 15 - Objective: To place satelliteginto, a _succissful - 36:157- - Japanese National . Space . Develdp-
CS (Sakura) synchronous transfer orbit; @'c\-clnpmcm of a 35.568 ment Agemcy (NASDA) satellite
118A ., domestic communications Satellité system for Ja: 1440.0 launched into synchronous trans.
o Delta . . R pan; cxpcrimentation with K-band and C-band. 0.1 fer orbit by NASA. Apogee boost
C. * Spacccraft:  Cylindrical 2.18 in” diameter and | ¥. ~motgr fired Dec. 16 and space-
: k . 348-m high; spin stabilized; solar cells mounted ' -, «€faft placed in synchronous orbit
. *  on'spacecraft, exterior; antenna horn reflector - ‘above equator at 135° cast lgn--
N . . ¢ .. mounted 8n outer Qlcspun _sectjon’ of the Drive -, 8itude above Newe Guinea and’
o g S Motor Assembly, extends 128:8-cm above the up- ¥ due soush of Japan. .
PO * per cdge of the solar array; six K-band channels : -
~ N 3 -~ And two C-band chanfgls provide .cofimunica- 4 - - Ve
- ] *  tions link. Weights@t launch:. 677 kg. Weight “ R ) . '
after apogee boost motor fire: 340 kg. . . y .
. a . " . . ¢ R b o
e ' . Co ! v - . :
AR g, R .
N - . .. g . . \ ¢
v , h ' . ¢ G ¢ B L)
LT - . i ”.
- ' . 7 _ . ve - : 'R
. . ( 3 . e * .
. . . . . . . .
< y o ¢ & . .
* N R A ° . #‘:—’ v - ..
’ : . . ) - T T AN ’ :
- V] o - ¥ -' € W i . , . . . ‘)v
B B Lo~ 'S A
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ArpENDIX B-1| ' .

U.s. Appllcatlons Satellltes 1973-1977

‘Date Name Launch \chicle v, l(i-]n.urks
s/ COMMUNICATIONS ' . .

‘Apr. 20. 1973 Anik 2 (Telesat 2) Thor-Delta (TAT)  Lamched for Ganada. -

Aug. 24, 1973 lmcls.u IV (FT) Atlas-Centaur Filth “in high-capacity seiices. l’nsilimT(‘:w.o\'cr Atlantic.

.Dec. 13, 1973 DSCS 2. 34 Titan 1HC Follow-on to DSCS 217 . e

Jan. 19, 1974 Skvnet 24 - Thor-Delta (TAT) Launched for-the United l\ul),(lnm I response to an agicemetrt

' : to augmeut the DSCS program. Spacecraft failed to aclhiieve

L - the proper orbit.
_Apr. 13, 1974 Westar 1 e Thor-Deha (TAT) Lannched for the Western Union Co. to csl'll)hsh \l_fmuln
e L o~ - communications link.
. May 30, 1974 -7 ATs 6 . .l(‘n.m lllC v MulnHmp(N_ experimentil satellite especially designed! for ve
Co - g gional servides in North America and later India. .

Oct. 10, 1974 \estar b lhm Dclm (”E\A ) Launched forfthe Western Union Co. as part of lh(ir domestic .
L. o \ " commmnicafins links. . e
“  _Nov. 21, 1974 Intelsat 1V (F-8) Atlas-Centanr’ Sixth i dpacity scriga.- Positioned over KK icific.” )

- 4oy 28, 1974 Skynet 2B >1'llnn'-ul)cl(:»' (TAT) Launct the Unrite ngdom in response’ to an agreement
L RTe ‘ ) - "' to ampgehit the DSCS program. Spaceeraft pmmmlul over
C A M oo . Indiin Ocean. .

Dec.' 19, 1974 §}~m'phonic 1 lhm an (Ia\L) Sdfirst of two experiiental nullm\ for France 'md \\(]( Ger-

e ' IR T many. Spacgeraft positioned over Stlantic.

May 7, 1975 Anik 3 (Telesat 3) © *Thion- l);ll'x (TAT) - l_aunchcd 6 Canada. ‘ .

“May "", 1975 Intelsat 1V (F-1) Atlas-Centaur . Eighth™in Ilfg]fflplk\ SCrIcs. Nitioned over ulmli.m Ocean,

N Aug. 2 l‘l7' . Mmphmm 2 Thor-Delta (T Al) lamulml fearr Fr agice ~and \Au( Xm:my. Positioned over ~the

. Sep. 26 1975 ~Intelsat 1V-A° (F-1) " Aglas- (‘unun . "Firse of a new s(nu (l(ml»l( ;Mpacity of its predecessors.,

. . l’mmonul mu.llu Allan 5 4
T Dec. 18, 1975’ RCA-Satcom-1 Thni"-Dclm (TAfl')',-" ‘luncrul Sfor RCA "ag lns[‘of (h(n., cmnmummlmm satellite
R R © series, Positioned over, the BiRific. - -

]:m 17, 1976  TTS-1 - Thor-Delta (TA’ Iy Canadian-US.. most pmve‘lfulf‘&pcnmmml salcllm

-Jan. 30, 1976 Intelsat IV-A" (F: 2) Thor-Delta (I'Al) l’g)\llmmrl(mu Atlantic.

Feb. 19, 1976 - Marisat 1 Thor-Delta (TAT) For muritime use by Comsat, over the Atlantic,

tMar. 15,.1976 LES '8/9 Titap HIC . - 7 Experimental satellites witly n(lunsolnpcupmvu spurces.

" Mar. 26,1976 RCA-Satcom 2 Thor-Delta (TATY  Sccongl .of three. )
‘Apr. 22, 1976  NATO IlIA Thar-Delty (TAT)  Fitst of new serics. .
© May 13,.1976- Co l Atlas-Centaur Pgced’ over sPacific for, AT&T by (oms:n
' (]unc 10, 1976 - Marf ¢ " Thor-Delta (TA'I)' For mazitime use by Comsat, over the Pncnﬁc
o July -8 1976 Pnfapn l Thor-Delta (FAT) *: Indonesian domestic commuinications, .
July 22, 1976 Comstar 2 Thor-Delta® (TAT) Placed south of thé United States fo) ATRT by G(}msal.
Oct. 14, 1976 Marisat 3 “Thor-Delta (TAT) ™ Plaged gver Indian Ocean. | 7. IR -
2o Jam 280 1977 NATO 1B Thor- Delta (TAT) Secotrd of a new serics. et e
-~ Mar, W, 1977 - Palapa 2.7 - Thoi-Delta” (TAT) * - Indotigsian domestic communications, "
3 May-12. 1977 _°DSCS 11-78 Titan THG Defense communications. _
* - -May 26,1977 Intelsat 1V-A 1F-4) - Atlas-Centaur Positioned over Atlantic. /
Aug. 25,1977~  Sirio ;. Thor-Delta (TAT) . Italian qunmcm,, W\
" Dec. 15, 1977 Sakira ﬁ B ) Thor-Delta" (I'AT) Japanese ‘p\p( nm(m '«';‘. . :? ”.”& . .-.
= ; 1 A B4
e
. s
| .
) Wes C
v Q o !
N
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&' ‘ APPENDIX B-1—-Continued ” : )
. U.S. Applications Satellites 1973-1977 ‘ _
» - Date Name Launch Vehicle, :

R Remarks

Nov6, 1973 NOAA-3 (ITOS F)

May 17,.1974 * SMS.]
"Nov. 15, 1974 NQAA- (ITOS (i)
Feb. 6, 1975  $MS.2

June 12, 1975  Nimbus 6

L Oct. 16, 1975  Goes 1

July 29, 1976 NOAA-5 (ITOS H)
June 16, 1977 “Goes 2 )
July 14,1977  Himawari

.~ Nov. 23, 1977 Meteosat Ry

i_]nn. 22, 1975 Landsar 2

" Thor-Delta
" Thor-Delta

WEATHER OBSERVATION®
Thor-Delta - Second gencration operational meteorological satellite.
Thor-Delta” First full-time weather satellite_in synchronous orbit.
Thor-Delta Second genevation operational mcteorological satellite.
Thor-Dela Second fWH-\limt' weather satellite in synchronous orbit.
Thor-Delta . To build numerical models for Global Atmospheric Research
Program. ’ ? . ‘
'l'hm"—[)cll" Fipst fully aperational synchronous weather satellite.
Sceond generation operational satellite.
Second of this series.” R
Japanese geosynchggfious sagellite. - - B
European -Sp%ee Agency géosynchronous gﬁ!l:i:.llili'." -
L heid

Thor-Delta
Thor-Delta,
© EARTH OBSERVATION S
Thor-Delta Sccond experimental Eapth resources techuglogy satellite. Ac-

quited synoptic multi-spectral repetitive images that are prov-

S

v -

5 v ‘ing uscful in sueh disciplines -as  agricujture Emd.forcslry
” resources, mineral and land resources, land lise, water re.
o . sources, marine resources, mapping and charting. and the
- enyironthent. Coe % CoL . -
g N GEODESY . S
. .- Apr. 9, 1975 Geos 3 Thor:Delta ¢ To measure ;.fmmclrg. and topography of o(cnl'lrfnce. "
- "May 4, 1976 Lageos ¢ Thor-Delta Laser geodynamic satellite. . . - ;
% S cL NAVIGATION : ' :
Oct. 30, 1973, Navsat 0-99 Schut L -
bl Jul. 14, 1974, NTS | o Atlas F Navigation technology satellite. : - .
Oct. 12, 1975 Tip-2 Scout . STransit lmprm't’mcnl.Pw{g[nm. N
. Sep. 1,-1976 Tip-3 Scout Transit ImpYovement Program. ) . ) .
- June 23, 1977, NTS 2 . Atlas T Forerunner of Navstar Global Positioning Systenn,
. - Oct. 28, _p77 .g(’a Transit o Scout . «Developmental model. )
: | 4

* Docs not incl.wl.i'.‘Dcpnrlmcnl of Defense weather satellites which are not individually identified by launch.
: h : : e
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U.S.-Launched Scientific Payloads 1973-1977 ~ et
. Date Name' Launch Vehicle _Remarks . : - v
June IO,'1973-‘ Radio Astronomy 2  Thor-Declta . Measure galactic and solar radio noise shiclded from Earth by
. ; (Explorer 49) . the Moon, by use Qf lunar orbit. . : .
£ Oct. 26, 1973 . P 10 - Thor-Delta Stutly of . interplanetary environment particle and fuel inter-
. ) : . Explorer 50y ’ actionsdn the distant magneto tail. y ,w\’
Y ' Dec. 16, 1978 tmosphere . Thor-Delta Photochemical processes in absorption of solar UV. W
. ’ ‘(Explorer 51) = . . ) ‘ : .
_ Feb. 18, 1974 . San Marco 4 Scout - Diurnal variations in equatorial neutral ; tmosphere. (Italian
: S : - paylbad and launch.) . : : -
Mar. 9, 1974 ~ "UK X4 (Miranda)  Scout o Mcasure density of Sun-reflecting particle® hear the spacecraft,
L S S ind Yest engincering systems. (United Kingdom payload.)
June 38, >1|974 Hawkeye bd Scout Plasm;i/propcrlies of the magnetosphere ‘over the north polar
. ' (Explorer 52) cap. . : ’ :
July 16, 1974 Acras 2 . Scout Measure geronomic param®ters of upper atmosphere and solar “
-, : UV. (German payload.) - B
P Aug. 30, 1974 ANS Scout Study steller UV and x-ray sources. (Netherlands payload.),
' Oct. '15, 1974 Aricl 5 Scout - - Study galactic and extragalactic, x-ray sotirces. (United Kingdom N
) . payload.) .
" Nov. 15,1974 INTASAT Thor-Delta Measure ionospheric total electron content, ionospheric’ irregu-
: ) ] o larities andscintillation. (Spanish payload.) )
May 7, 1975 SAS-C Scout Measure x-tY emisdion of discrete extragalactic sources. (ltal-
(Explorer $3) ian-launched.) :
June 21, 1975 0SO-8 .- | Thor-Delta To study minimnm phase of solar cycle..
— . Aug. 9, 1975 COS-B Thor:Delta Extratervestrial gamma rvidiation studics. (ESA European satel- .
’ h ) . lll?\) : . b3 . ’ : e
Oct. .6, 1975 Atmosphere " Thor-Delta Photochemical processes in abso}rplion of solar energy. G
: (Explorer 54) . ) - . ) . - W
Now. 20, 1975 - Atmosphere Thor-Delta Photochemical processes in absorption of solar energy. ~Mc;lsu¥4t%7 ﬁ
. " . .. (Explorer 55) . spatial distribution of ozone. * ’ e}
4 Mar. 15, 1976  Solrad HiA/HiB Titan 1NIC  _ Measure radiation and particles at close to 120,000 kmg-circular. oo
May"22, 1976 P-76.5 - Scout Plasma effects on radar and communications. : . N
1978, 1976” " - SESP 74.2 Titan IID Particle measurements up 'to 8000 km. . i .
Apr. 20, 1977 Geos : .. » Thor-Delta European Space Agency, study of magnetic and clacty ields
s ) R oo from geosynchronous orb® * (not attained) . : - :
Aug. 12, 1977 - “  HEAO 1 Atlas-Centaur X-ray and gamma ray astronomy. : _ o t
Oct. 22, 1977° ISEE 1,2 ‘Thor-Delta * Magnetosphere ‘and solar wind measurements (for NASA and .
. . - European Space Agency respectively) . . P
. b < - &
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- - U.S.4aunched Space Probes 1973-1977"\
¢ oDate Name -_Lauilcl_x Vehicle . Remarks .
Apr. 6, 1973 VPionccr (B8 Atlas-Centaur Jupiter flyby mission. Passed Jupitdr on Dcc. 2, 1974; returning
. . pictures and data and headed oy a similar pass by Saturn
- . before accelerating oul of the solar dystem. )
Nov. 3, 1923 Atlag-Centaur Venus and Mercury flyby mission. Passad Venus on Feb. 5, 1974,

‘Dec. 10, 1974

.

-

Mariner 10

Heclios 1
Aug. 20, 1975 Viking 1
C
Sep. 9, 1975 Viking 2
Lo

Jan. 15, 1976 Helios 2 ¥

S

”

Aug. 20, 1977 '

Sep. 5, 1977

\'oy:;gcr 2

Voyager 1

v

Titan IIIE.
. Centaur

Ti'lan IT1E- »

Centaur

Titan IIIE-
Centaur

Titan HIE-
Centaur

Titan IIIE- -

"Centaur

Titan IIIE.
Centaur ?

. Jupitet and Saturn flyby mission. Passing

returning g()o}i qquality pictures. Passed M ry again on
Sep. 21, 1974, Teturning 500-600 good qualitylictures. Passed
Mercury ‘again on Mar. 16, 1975. Other data were also re-
turned. o - ¢

.Flew in.highly clliptic orbit to within 44 million km of the
Sun, measuring solar wind, corona, clectrons, and cosmic fays.
Payload had 7 West German experiments, 3 U.S.

Laiider descended, landed safcly on Mars on Plains of Chryse,

, while Orbitex circled the planet photographing it and relay-
ing all data to Earth. Lander photogriphed its sinroundings,
tested soil samples for signs of lif¢, and took measurcments
of the atmosphere. :

Lauder descended, landed saf'cl% on Mars on Plains of Utopia,
1c

while Orbiter circled the planct photographing it and relay-
ing all data to Earth. Lander ph()l()graphcd its surroundings,
tested soil samples for signs of life, and took mcasurements
of the atmosphere. ' . Do

Flew in highly clliptical orbit_to_within -41 million km of the
Sun, mcasuring solar wind, corond;” #Iccitons: - and  cosmic

7 rays. Payload had same West German and US. experiments
as Hclios ] plus a cosmic-ray burst detector, _ : )

Jopiter and Saturw flyby mission. Was to swing around- Jupiter
i July 1979 and arvive at Saturn in 198Y possibly going on
to Uranus by 1986. ’

‘oyager 2 on the way,

was to swing -around Jupiter -in \Mar. 1979 and arrive at

Saturn in Nov. 1980. - . .

;

—
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d Sovigt Manned Space Flights . >

Rl .

.

.« $pacecraft

“Launch’ Date

: ;Jtew A

. Flight time R

Highlights~s .. -

“ ‘Véstok' 1
. Mercury-

Redstone 3 -

‘Mercury-
Redstone 4
Vostok 2

Mercury-Atlas 6
Mercury-Atlas’ 7

Vostok 3
Vostgk” 4

ercury-Atlas, 8
Mercury-Atlas 9

Vostok 5
Vostak 6

Voskhod 1~

~ Voskhod 2
Gemini 3
gcminL 4
Gemini 5
Gemini 7
Gemini 6-A
gemini 8
.Gemini 9-A

Gemini 10 |

Gemini- 1§} :

P

Gemini‘12"

Apr. 12, 1961

June 14, 1963
Tune 16, 1963

Oct. 19, 1964 Vladinrir M. Komaroy.,
Konstantin P. Feoktistov
) . Dr. Boris"G. Yegorgv
Mar. 18, 1965+  Alecksei A. Leonov

Mat. 23, 1965

I3

Yuri A. Gagarin_

" May 5, 1961 "Alan B. Shepard, Jr., '

‘ A‘].uly 21, 1961 Virgil 1. Grissom Ex
~Aug.. fi, 1961 - Gherman é Titov .
Feb. 20, 1962 John H. Glenn, Jr.
May 24, 1962 M. Scott Carpenter
Aug. 11, 1962 Andrian G. Nikolayev
Aug. 12, 1962° Pavel R. Popovich
Oct. 3 1962 Walter M. Schirra, Jr.
May 15, 1963 L. Gordon Cooper, Jr.

Valery F. Bykovsky-

Valentina V. Tereshkova

Pavel I. Belyayev v
Virgil 1. Grissom
John W. Young

June 3, 1965 Tames A. McDivitt *
L Edward H. White, 11
Aug. 21, 1965 L. Gordon Cooper, ]Jr.
. " Charles Conrad, Jr. -
Dec. 4, 1965 .. Frank Borman
vl’amcs A. Lovell, Jr.
Dec. 15, 1965 Walter M. Schirra, Jr.
’ "Thomas P. Stafford
Mar. 16, 1966 Neil A. Armstrong
. David R. Scott
June 3, 1966 Thomas P. Stafford"
Eugenc A. Cernan
July 18, 1966 . John W. Young
. "« "Michael Collins
Sept. 12, 1966 Charles Conrad, Jr. -
' C Richard F. Gordon, Jr.
Nov. 11, 1966 Jamés A. Lovell, Jr.

Edwin E. Aldrin, Jr.

~ 10 h 41 min.

1 h 48 min.
15 min. %

16 min.

" 25 h 18 min.

4 h 55 min.
4 h 56 min..

~ 24 h 17-min.

26 h 2 min.
4h53min.
97 h 56 min.” ,
190 h 55 min.
330 h 35 min.
25 h 51 min.

72 h 21 min.
70 h 47 min.

4

71 h 17 min.

94 'h 35 mip.
.94 h 35 mip.,

~ First manned ﬂight..:

T

First U.S. flight; suborbital:~

Suborbital; capsule sank aff’ci]_andiﬁg.

First flight exceeding 24 h.
First American to orbit. .
Landed 400 km beyond target. ,

" First dual mission (with Vostok 4) .

Came within 6 km of Vostok 3.

Landed 8 km from target.

First long U.S. flight. k .
$econd dual mission ‘(with Vostok 6) .

Fl';st womar®tn space: within 5-km of, Vostok
First 3-madh crew.

W ey -
' R

First extravehicular activity (Leonov, 10
min) .

First US. 2-man flight; first manual ma.
neuvers in orbit. o

21-min. extravehicular activity (White) .

Longest-duration manned flight to date.
e .
Longcst'-dumtian manned flight to date. "

Rendezvous within 0.3 m of Gemini 7.

First_ docking of 2 orbiting spacecraft (Gem-

ini 8"with Agena target rocket) .
Extravehicular activity; rendezvous.

First dual rendezvous '(Gemini 10 with
Agena ]0. then Agena 8). o

First ‘initial- rendezvous; first tethered flight;
highest Earth-orbit altitude (1372 km).

Longest extravehicular activity to- date (Al- .
drin, 5 h 37 min) . : :

"Soynz 1T Apr.23, 1967 - - Vladimir M. Komarov 26 h 37 min. Cosmonaut killed in reentry’accident.
Apolle 7 . Oct. 41, 1968 Walter M. Schirra, Jr. 260 h 9 min. First U.S. 3-man mission. ° -
L . Donn F. Eisele . ’ PR i . -—
g . . R. Walter Cunningham . : . P , .
N yuz 8 \ Oct, 26. 1968 Georgi Beregovoy 94 h 51 min. Mancuvered near unmanned Soyuz 2. .
- Apollo 8 .. Dec. 21, 1968 Frank Borman 147 h 1 min. First manned orbit (s) of Moon; first"manned
. o - James A. Lovell, Jr. : ' : departure from Earth’s sphere of influence;
' William A. Anders gfﬂgcst speed ' ever attained in manned
) S, . ) . . ight. . .. . : —
. Soyuz 4 Jan. 14, 1969 . Vladimir Shatalov 71 h 23 mi Soyuz 4 and 5 docked and transferred 9 cos. -
. Soyuz b Jan. 15,1969 .  Boris Volvnov . : 72 h 56 mi monauts from Soyuz 5 to ‘SoyuZ' 4. ’
L o ' Aleksey Yeliseyev . T
. . Yevgeniy Khrunov S o : e
Apollo 9 Mar. 3, 1969 = James A. McBivitt 24) h'1 min.  Successfully simulated in Earth orbit’ oper-
: : - David R. Scott -~ & B ation of lunir module to landing and take-
. . Russell L. Schweickart , off from lunar surface and rejoining with
. . . . o ’ command medule.. - .
Apollo. 10 May 18, 1969 \Tfanas P. Stafford - 192 h 3 min.  Successfully demonsirated complete system
v, - John W. Young © 4o including lupae module ‘descent to 14,300
) h ’ -Eugene A. Cernan . m {rom the lunar surface. - .
~Apollo 11 July 16, 1969 Neil A. Armstrong_ 195 h 9 min. -~ First mannéd landing 6n lunar surface a;:ﬂ '
’ . o : Michael Collins . . " safe’ return to Earth. First returm of ,r
- .. Edwin E. Aldrin, Jr. . ) and soil samples to Earth, and manned de-
A A . . : : : ployment. wf-experiments on lunar surface.
. Sqyuz6, . . Oct. 11, 1969 Georgiy Shonin A18 h 42 min.  Soyuz 6,-7, ind 8 operated as a group flight
o .ol " Valeriy Kubasov. " . "« without. actually dockii. Kach conducted - >
: Soyuz 70 ¢ . v Oct. 12, 1969 Anatoliy Filipchenko- 118 h 41 min. certain experiments, including welding and g
P e . . Vladigldv Volkov -, * Earth and celestial observation. .
N _ - Viktor Gorbatko G - e T : W
© . Sopyz 8 e . Oct. 13, 196 Vladimir Shatalov .+ - 118 h.50 min. . ‘e
€ T o o Tt ) l, . Alek&'yXeliseyev. d . I 4 ._“s ¢ '
S tey Y . W L (] ~. e
g : Loel m“ ' "; . s ’ " e, - . ot - vt ,
' Qas 3 " .% ﬁA( . » AP . N . '4 AP . o ,‘ gl
: ‘ : . ' , o . { ‘:'7.: 92 S . L S ‘ o
- ’b . ‘ R ) ',‘. i ’ ¥ s (-. IR . s . . . -
Q i 6 T T - : 2 : -
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e VR Hlstory of- u. S an .aovnet‘ Manned $pace Fllghts =, e
6 ° - - ... N
) _ B . . & 'i'-' 3 { . B AR -l,.\-; .
Spacecraft- 3 Launch Date Crew v "Flkht‘z_jm_e'_ e, o “nghhgtns 4 'T‘ "
Apollo 12 Nov. 14 1969 Charlcs Conrad Ir. - - 244 h 36 rm'n. gccond 1manncd umr 'Ian}hng nunued ,-' g
: R e e - : ~R|thnrd F.- Gortlon, r. . " manned <exploration:and. retriev -parts of «*
o R Alan L. Bcgn T AN Surveyor JI spacecraft’ which « Ianded in -
et v " 'Oceafl of s ori Apr. 19, 1967 "
Apo?lo 13 ’ Apr u, IQ’IQ) }amcsA Lovell, Ir {\\g h 55 min. “'Mission - abo'rlcd dug 1o losioh jn° the -,
SR “Fred W. Haise, Jr.- ! - L * service module. Ship tircled” Moon, wnh !
v ' T ~ John L. Swigert, Jr." B o trew using LEM as hfe'boat" nﬁl just -
’ ' o < . ! prior to reentry.
Séyuz 9 . June 1,1970 °  Andrian G: leolayev - 424 h 59 min. Longest manned spnce ﬂlght' 4 d;ne lasf'ng
. Vitaliy I. Sevastianov * 17 days 16 h 59 min.
Apollo 14 Jan. 31, 1971« Alan B. Shepard, Jr. 216 h 2 min. Third manned lunar landmg stxon dcm-
) : _ Stuart A. Roosa Cod onstrated piepoint landing ¢apability and |
. . - Edgar D. Mitchell : R continued manned exploration. :
" Soyuz 10 Apr. 22,1971 *  Vladimir Shatalov . 47h 46 min.  Pocked with Salyut 1, but crew did -not
. . : . Aleksey Yeliseyev- T sy board space station laynched " Apr. 19.%* |
. : ) Nikolai Rukavishnikov ’ v .~ Crew recovered. Apr 24, 1971.
Soyuz 11. June 6, 1971 Gcorgxy Timofeyevich 570°h 22, . Docked with Salyut -1 and Soyuz 11 crcv{l
: Dobrovolskiy. - At e~ s o “occup»cd space station for 22 days. Crew "’
. . “ladlsl:n leolnycnch «'_.».3’-*.-:' 23 pérished during final phase. of Soyuz 11 "
T Volkov - - P <capsule. recovery on June 30, 971" . ‘
, - L Viktor Ivanovich Patsayeu D YR : )
© Apollo 15% Tuly26, 1971 ,David R. Scott 12 o Fourth nfanned Iunar Iandmg, aud first . -
. R i 'Alfred M. Worden e . Apollo "J” series mission- which carry the
- James Bensen Irwin = B Lunar Rovmg Vehicle. Worden's in-flight
" S : ’e EVA of 38 min 12 s was performed durmg
. - . 4 : return trip.
Apollo 16 Apr. 16, 1972, -, John W. Yopng ¢ 265 h 51 min. FMth manned lunar Iandmg, with Lunar
. ..~ % “Charles M. Du . Roving Vehicle. L
. - o7 Thomads K. Matt II S
Apello 17 Dec. 7, 1972 . Eugene A. Cernan - 301 h 52 min. Sixth and final Apollo manned lunar 4and-
. v ‘ Harrison H. Schmitt Y & ving, agam with ronng wchxclc : £
: C Ronald E. Evans .~ - { o : .
Skylab 2 ““May 25, 1973 Charles Conrad, Jr. "~ -} 627°h 50 min, Dockcd mth Skylab 1 for 28 days R aﬁed
’ S Joseph P. Kerwin ) ' .damaged stan ’ .
5 " Paul J. Weitz , X L
Skylab 3 July 29, 1973 Alan L. Bean -~ | 1427 h Docked: With Sl:ylab 1 for over 59 days.
A . Jack R. -ogsmn‘ 9 min. .
~ S Owen K. Garriott . e
Soyuz 12 Sept. 27, 1973 Vasiliy Lazarev 47h 16 min.  Checkout of improved Soyuz .
. N Oleg Makarov i Y '
Skylab 4 Nov. 16, 1973 Gerald P 2017 h Docked with Skylab 1 in. commumg Iong
- ~Edward ibsou * 16 min. duranon mission.
o *. % William R. Pogue ;/ ~ 2
Soyuz 138 Dec. 18, 1973 Petr Klimuk » 188 h 55 min. Asterhysxcal blolog:cas and Earth resourcea
- , .~ Valentin Lebedev / . . - experiments.
Soyuz 14 * July 3,1974 { Pavel Popovich 377 h 30 min. Docked swith- Salyut 3 and’ Soyuz 14 crew -
o " aYuriy Artyukhin : occupied -space stationvfor over $ days.
Soyuz 15 Aug. 26, 1974 Gcnnadxy Sarafanov 48 h 12 min. Rendezvoused bug, dxd not dock thh Sal-
Lev Demijn L " yut'd. v
Soyuz 16 Dec. 2, 1974 Anatoliy Filipchenko 142 h 24"mm Test of ASTP confi ranon
. _ NikolajRukavishnikov T,
Soyuz 17 Jan. 10,1975 = Al sey Gubarev 709 h 20 min, Docked ‘with Salyut 4 and occupxed stanon
. , : Georgiy Grechko durmga 29-day flight.
Anomaly . Apr. 85,1975 °  Vasiley Lazarev 20 min. Soyuz stages failed- to . scparatc, crew re- = 7
R ~ Oleg Makairov: : covered after abor
Soyuz 18 May 24, 1975 Petr ‘Klimuk * 1511 h Docked with Saly:ﬁ} and occt‘ed statnon
S Vitaliy Sevastiyanov © 20 min. ~ _during a 63-day nlission>
Soyuz 19 - July 15, 1975 - * Alcksey Leonov g 142, h 31 min. - Target for Apollo in dockmg and joint cx- .
: ) . Valeriy Kubasov * : perimenits ASTP mlsslon 4
Apollo ¢ . July 15, 1975 Thomas P. Stafford , 217 h 28 min. Docked with Soyuz 19 m ]omt expenmcn!s
) Donald K. Slayton . ) . of ASTP mxsxg‘,
oo, N Vance D. Brand s [
-, Soyuz 21 July 6, 1976 Roris Volynov ,2 1182 h Docked with Salyut 5. anr.Loccupxed stanon .
A ' Vitaliy Zholobov " 24 min. during 49-day- flight.
* . Soyuz 22 Sep. 15, 1976 |  Valeriy Bykoyskiy b 189 h 54 min. Earth resources study with’ muluspectral cam-
A o Vladimir Aksenov - ‘. . era system. [ K
Soyuz 23" " Oct. 14,1976 Vyicheslav Zudov 48 h 6 min. Failed to dock with Salyut 5 h
o ° Valeriy RozhdestVenskxy: . .
Soyuz 24 ‘Feb. 7,.1977 Viktor Gorbato. 425 h 23, miri. Docked with salvut 5.4nd occupied statxon
t— - Lo Yuriy Glazkov-- _— - during 18-day flight.
. Soyuz 25 Oct. 9, 1977 Vladimir Kovalenok- 48 h 46 min. ‘. Fajled to achxevc hard dock with Salyut.6 ..
- Lo . Valeriy Ryumin . . station. .
" Soyuz 26 Dec. 10, 1977 ‘Yuriy Romanenko’ C— - Docked with Salyut 6; flight’ continued into,
F T ‘. Georgiy Grcch% Cy 1978.
. NS I I Rl - T, -
- . . . . 4
1 o ‘_q‘\':" 1 ‘.’l . 5e ’ { ' 870.
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’ .. ' APPENDIX D g M) ’
) U S:. Space Launth Vehtcles ) ,
- N ., . w {‘ ~> . 4 P ¢ .
LY 2 . ‘g % ”é‘.'.‘ ,4- ¢ ! = — = ——
LR NS a0 ] v Th:i:*( Max.. ® Maf. Payload (kg) L
. : .Spges i Propellant?® kilo- (d::)'-- Height . 550-kin Pt ~ Pirst .
’ R T s newtons} -fm) orbit « Escape launch
T haidH , 7 X ¥ - il .
Seout. ¥ o 1 Algol . IIA- ., .. Solid . 4817 L2 22 ggse 386'  1972(60) %
o 2. Castor TIA ... Solid .. ... .. 28 v, N
: ~3. Antares IIB Solid # . ., 1268+ _ )
v _ ‘4. Alair 111 ... Solid ... ... 269 .- . . . . -
; - Thor-Delta 2900 series 1. Thor plus 9 TX LOX/RP-1 . * 9119 2.4 35 1750 476 ' - %197'3(60) !
) - 73545 .. Solid IV E .
! . 2. Delta (DSV—3) . N.O/Aerozine . 458 "’ . *
_ w 3 TE 3644 . CSolid ...t - 667 L
Atlas F/TE 3644 1. Atlas boosler &»/ RN : ) R .o
’ . * sustainer ... A.LOX/RP— ..... 19706  3.05 2 1300 . 1977(60) ' 7
' . - 2. TE 364-4 - Solid ... - . 66,7 . . )
. -Atlas-Agena . ... .. 1. Atlas hooster & : . ; ) : >
Y. PSS ) ~ (SLV73A) . LOX/RP-1 L 4 2237:5 3.05 80 - 2720 4541 1968(60) '
. - 2. Agena ... . .'.lRFNA/UD\iH : 71.2 - ’ - 1 .
ceohs Titan T1IB:Agena .~ 1. LR-87 .~ . . N.O./Aerozine - 28531 © 305 48 3630° ° ~ 1966
- to- 2. LR-91 . N2O./ Aerozine . 444.8 L : -
3. Agena ... .- " IKFN‘%/UDMH . 71.2 e
Titan IIIC ... ... . 1. Two 5-segment 3. 05 : )
R . -mdia ... .. Selid [ 11,565.4 3.05 40 — 1461° 1965
: : - 2. LR-87 = . ,_." .. N. 0./Aerozme 2353.1 3.05 . Y . -
. f‘ R 3. LR-91 .. . .. N.O./Aerozine 444.8 .
tw- ‘ 4. Transtage ... . N0/ Aerozine .. 71.2 «q v &
" Titan IIID .. ... ....1. Two 5-segment’ 3.05. - : —
- ' © g dia S Solid . ... 11.565.4 3.05 4 11100° 1971
L 2..LR-87 .. .. .- ...N.O./Aerozine B53.1 - -
T . 3.LR-91 ... ., . .. N.O./Aerozine 4448
© Titan II1(34)D .,. . 1. Two 51, -scgment - - g :
‘ “3.05-m dia .. Solid . Pa. e ~11,540.4 305 18 12,750 . 1981
. 2.LR-87 ... .. ... . .. N.O./Aerozine .. . 2353.1 . ’ .
‘ i - 3 LRl ... ... . . ‘N.O/Aerozine ..~ .° : <. L
. Titan II1(34) D/IUS ."1. Two 5Ys-segmett . .Solid ) Mo <305 . 8T 1905¢ 1905 * 1980
e ’ S 2 LR-87 ........... .. N,O./Aerozine .. :
~3. LR-91 ..., . ... . .. N.O./Aerozine .. , ] . ,
: 4 IUS 1st Stage . ... Solid ... -.... .. " S | v
) 5 IUS 2nd Stage..... - Solid ... ... ... o R
Thor LV-2F .. .. .. 1. Thor ... ... .. . ... . LOX/RP-1 ... . - 2.44 2 512 1976 (66) ' .
S 2. TE 3644 ... . . olid ... .. . ... ~ T
3. TE 364-15 ... . Solid ... ... .. . . )
K Thor SLV 2A/Block.’ .o ' . VA
............. 1. Thor -plus 3 - LOX/RJ-1 ..... 4 24 653 1980¢63) '
TX 364—5\1 ..... “Soljd ... L. 689.5° ~N P
2. TE 3644 ™ .. . Solid ~. ... . ..... 66.7 ». o -
. TE 3§4—.15 ool . Selid L NI 4.5 . . “«

‘ ‘The date of ﬁrsr

with a date in parentheses
(]

*Set of 3.

® Propellant * abbrevi

tygen and a mod;ﬁed Kerosg

» combining. in a single’

axes
oy
:mons usetl are as

mixture both faal and

follows
-LOX/RP; ‘Solid propellant

¥ g this latest modnﬁcatlon
or thé i md’l \ersxon

oxidizer-Solid;

Inhibited Red Fuming" Nntnc Acid and Unsymmetrical Di-

-

o gnethylhydrazine-IRE

e
a ‘
A
) \4
v, 88 s
. y - '
) K .
LS
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/UDMH

Nntrogeex Te_trsoxxde and

qumd “

UDMH/N, H,Nno,/Acrozmc- qumd Oxygeu nnd quuld

Hyd rogen- LOX/LH.
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